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1 SUMMARY 

1.1 Background 

A s  p a r t  of i ts Space Processing Program, NASA has expended consid- 

e rab le  e f f o r t  i n  developing preparat ive c e l l  e lec t rophores i s  i n  

zero g. It is  t o  be used a s  a method of separat ing b io logica l  

c e l l s  i n t o  subpopulations, t he  subsequent recovery of which w i l l  

have s ign i f i can t  bene f i t  i n  biomedical appl icat ions.  A s  the  

preparat ive e lec t rophores i s  program gained momentum and f l i g h t  

hardware came c loser  t o  being made ava i lab le  t o  a broadly-based 

medical and b io logica l  user  community the need became apparent f o r  

an accurate and rapid ~ e t h o d  of assessing the  possibi . l i ty  of 

separat ing candidate subpopulations on the b a s i s  of t h e i r  e lec t ro-  

k i n e t i c  propert ies .  It was c l e a r  t h a t  accurate  ana ly t i ca l  da t a  on 

the e lec t rophore t ic  mobili ty d i s t r i bu t ion  of a sample had t o  be 

ava i l ab l e  before a decis ion as t o  the  f e a s i b i l i t y  of a separat ion 

could be made. Such da t a  would be v i t a l  as w e l l  f o r  determining 

which mode of preparat ive electrophoresis  should be applied t o  a 

pa r t i cu l a r  problem, and under what operating conditions. 

A t  the time t h i s  contract  was let the  standard method f o r  obtain- 

ing ana ly t i ca l  e lec t rophore t ic  da t a  on c e l l  populations was 

through the use of the microelectrophoresis method (1). The 

technique cons is t s  of v i sua l ly  observing the  motion of individual  

c e l l s  through a microscope focussed a t  the s ta t ionary  layer  of the  



sample chamber and timing their motion across a calibrated eye- 

piece graticule with a hand-actuated stopwatch. Knowing the 

interval over which each cell migrates in the measured time the 

cell velocity, and hence electrophoretic mobility (velocity per 

unit electric field strength applied) can be calculated. Indivi- 

dual cell mobilities are then accumulated from the same sample 

population and the data displayed as a histogram of cell number as 

a function of mobility. 

The microelectrophoresis method suffers from three principle 

disadvantages as current employed: 

It is slow; under the best of conditions only 20 to 30 

measurements can be made before the sample m w t :  be 

replaced and either the original sampled re-measured - 
with danger of subsequent cell damage due to multiple 

pipetting - or a new sample must be introduced, 
necessitating large numbers of cells beire made avail- 

able. Each filling takes % 15 minutes, so only 80 to 

120 points can be accumulated per hour, and this rate 

is seldom realized in practice for a variety of 

technical reasons. 

It is of limited accuracy. Timing displocetcents by eye 

introduces errors due to human reflexes, judgement of 

sharpness of focus and sometimes bias in cell selecticm 



that limit reproducibility to approximately f 3%. 

it is extremely wearing on those making the measure- 

ments. Eye strain is frequently severe and virtually 

nobody can work at the rate given above for a full day. 

In a program of the magnitude and length of that being considered 

by NASA it seemed clear that a large number of analytical determi- 

nations on complex cell populations would be required and that 

manual mobility distribution determinations would therefore not be 

suitable. Furthermore, it seemed that with atate-of-the-art 

technology it was feasible to automate analytical electrophoresis 

by any of several techniques in such a way as to alleviate all of 

the problems associated with the manual technique. In order to 

determine just what operating specifications should be required 

of the automatic apparatus, and to determine what technical 

approach might best be followed to meet such specifications the 

present contract was awarded. 

1.2 Obl ectives 

The present project has the following aims: 

To provide performance specifications for an Automated 

Analytical Electrophoresis Facility (AAEF) ; 

To identify which of the currently recognized techniques 



f o r  automating analytic-a1 e lec t rophores i s  may b e s t  be 

expected t o  s a t i s f y  these spec i f ica t ions ;  

a To provide a p r i o r i t y  r a t i n g  fo r  t he  performance 

spec i f ica t ions .  

1.3 Approach 

I n  order  t o  provide spec i f i ca t i ons  f o r  t he  AAEF t h a t  would s a t i s f y  

the  broadest va r i e ty  of demands of a f u t u r e  user  comnunity, a 

survey was ca r r i ed  out  of a l l  those people who were i d e n t i f i e d  as 

having published papers on c e l l  e lec t rophores i s  i n  t he  pas t  four  

years. These researchers  were i den t i f i ed  frmn surveys ca r r i ed  out  

t o  our spec i f i ca t i ons  by the  I n s t i t u t e  f o r  S c i e n t i f i c  Information, 

Philadelphia.  The I n s t i t u t e  ca r r i ed  ou t  a computer search of t h e  

re levant  l i t e r a t u r e  from which a l i s t  of 87 i nves t i ga to r s  was 

derived and defined a s  the  user  community f o r  purposes of t h e  

mailing. A quest ionnaire  was developed covering the  a reas  of 

performance which required d e f i n i t i o n  which was subsequently 

c i r cu l a t ed  t o  t he  user  community. A copy of the  qu~,s t ionnai . re  

and the list of s c i e n t i s t s  t o  whom it was mailed is  included a s  

Appendix 1 t o  t h i s  repor t .  Based on the  response t o  t h i s  survey 

and on the  personal experience of the  PI  a s  w e l l  a s  t h a t  of o thers  

i n  the  Department of Neurology a t  t he  University of Oregon Health 

Sciences Center, the  performance spec i f i ca t i ons  given below were 

assembled. 



The recommendation regarding which technique was f e l t  t o  be most 

appropriate  f o r  the  AAEF was based on an examination of the  possible  

approaches t o  t he  problem, and on discussions with a s e r i e s  of 

experts  i n  a reas  with poss ib le  appl ica t ion  t o  t he  AAEF. The 

approaches, and the experts  consulted, were as follows: 

Technique 

Laser doppler spectroscopy 

Laser doppler spectroscopy 

Optical  transduction of image 
of moving p a r t i c l e  f i e l d  

Computer ana lys is  of video 
image of moving p a r t i c l e s  

P a r t i c l e  f i e l d  holography 

Inves t iga tor  

D r .  B.R. Ware 
Department of Chemistry 
Harvard University 
Cambridge, Mass. 02138 

D r .  E.E. Uzgiris 
General E l e c t r i c  Research 
and Development Center 
Schenectady, N.Y. 12301 

M r .  P h i l  Goetz 
Pen Kem Company 
P.O. Box 364 
211 Cleveland D r .  
Croton-on-Hudson, N.Y. 10520 

D r .  Pe te r  H. Bar te l s  
Optical  Sciences Center 
University of Arizona 
Tucson, Arizona 85721 

D r .  J.C. Trolinger 
Spectron Development 
Laboratory 
3303 Harbor Blvd. 
Costa Mesa, Ca. 92626 

A s  discussed i n  the  Detailed Technical Section, there  were good 

reasons f o r  eliminating a l l  but one of the above methods, r e su l t -  

ing i n  the  recommendation made below. 



The priority rating for the performance specifications were derived, 

like the specifications themselves, from a consideration both of 

the user community survey results and of the PI'S personal exper- 

ience. In fact, it turns out that the recammended approach to 

implementing the AAEF is anticipated to be capable of satisfying 

virtually all of the performance specifications, and should pro- 

vide additional capabilities as well so the priority rating will 

probably be ol little utility. 

1.4 Results 

1.4.1 Performance Specifications for the AAEF 

It is felt the AAEF should be capable of performing to the 

following specifications : 

a The mobilities of approximately 500 cells sl.ould be obtained 

in 10 minutes from a sample of 10' cells or less. Separate 

mobility distributions should be able to be collected at a 

rate of 4 per hour. 

Excluding problems associated with cell sedimentation the 

AAEF should be capable of collecting mobility data on non- 

pigmented ce'ls in the size range of 0.5 to I00 microns in 

diameter. 

Each individual mobility determination ehould be accurate 

to k 0.3% over a mobility range of 0.2 x cm2 s-I v-l 



a The AAEF must be capable of operating with suspending media 

of spec i f i c  conductivity c0.021 Q-' cmol over a temperature 

range of 4OC t o  37°C and over a pH range of 2 t o  11. 

The chamber and electrodes should be compatible with normal 

b io logica l  support media (containing proteins ,  carbohydrates, 

multivalent ions,  e tc . )  i n  t h e i r  operating configuration. 

Measurement conditions and chamber mater ials  should be such 

t h a t  c e l l s  undergoing measurement r e t a i n  the same v i a b i l i t y  

and surface proper t ies  a s  an appropriate  cont ro l  suspension 

not exposed t o  the instrument. 

a The applied e l e c t r i c  f i e l d  may be e i t h e r  DC, o r  AC t o  take 

advantage of the suppression of electroosmotic flow i n  t h e  

electrophoresis  chamber, provided the applied f i e l d  f re- 

quency is  l e s s  than approximately 1.0 kHz. 

a The AAEF should incorporate t he  capabi l i ty  t o  recognize and 

record other individual  c e l l  parameters besides electro-  

phoret ic  mobili ty,  a s  seem appropriate  f o r  the  population 

under examination. In  pa r t i cu l a r ,  the  a b i l i t y  t o  d i s t i n -  

quish between c e l l s  with and without a f luorescent  l a b e l  

should be included i n  the AAEF. 



A s  wel l  a s  providing hard copies of e lec t rophore t ic  mobili ty 

d i s t r i b u t i o n s ,  the  AAEF should include the  capab i l i t y  f o r  

de t a i l ed  s t a t i s t i c a l  ana lys i s  of the  mobi14ty data .  These 

programs should provide: 

descr ip t ive  s t a t i s t i c s  f o r  the  data.  

assessment of the  unimodality of t he  mobil i ty  

d i s t r i b u t i o n  v i a  t h e  computation of d i s t r ibu t ion-  

f r e e  s t a t i s t i c s  f o r  goodnees of f i t  t o  known 

mobil i ty  distributions obtained from ca l ib ra t i on  

populations. 

spec i a l  l oca l ly  most pw:erful test s t a t i s t i c s  t o  

de tec t  very small  subpopulations of known mean and 

standard deviat ion,  with e r r o r s  of c-'.s f i r s t  and 

stcond kind cont ro l led  t o  within p re se t  l i m i t s .  

1.4.2 Recommended Technique f o r  Developing AAEF 

It is recommended t h a t  t he  AAEF be based on computer ana lye is  of a 

video image produced by a t e l t v i s i o n  camera l inked t o  tne  micro- 

scope of a microelectrophoresis apparatus. The p r inc ip l e  of t h i s  

approach is  described i n  d e t a i l  i n  an unso l ic i ted  contract  proposal 

from the Optical  Sciences Center of the  University of Arizotta t o  

M a r s h ~ l l  Space F l igh t  Center dated Apri l  22, 1.975, The appraach 



described i n  t h a t  submission should i n  general be followed except 

that:  

a The electrophoresis  chamber must be very w e l l  thermo- 

s t a t t e d  t o  allow the po ten t i a l  accuracy of the  technique 

t o  be realized. This w i l l  probat lv necess i ta te  a 

change i n  the  op t i c s  s ince  the long working d is tance  

phase cont ras t  object ive o r ig ina l ly  suggested w i l l  no 

longer be appropriate. 

An a l t e rna t ing  e l e c t r i c  f i e l d  should be used t o  d r ive  

e lec t rophore t ic  migration s ince  i n  t h i s  way a much 

grea te r  depth of f i e l d  may be u t i l i z e d  i n  t he  opt ics .  

As discussed i n  Section 2.1.6 use of a l t e rna t ing  f i e l d s  

a t  frequencies 5 100 Hz suppresses electroosmotic flow 

over grea te r  than 50% of the  chamber cross-section 

resu l t ing  i n  a constant,  near-zero flow veloci ty .  I f  

mobi l i t i es  a r e  determined anywhere i n  t h i s  region t h e i r  

values w i l l  be independent of pos i t ion  and t h e i r  absolute  

values eas i ly  obtained. Provision should a l so  be made 

f o r  stepping the foca l  plane through a series of posi- 

t i ons  s o  t h a t  speed of measurement w i l l  not be l imi ted  

by the  t i m e  necessary f o r  sedimentation of a new c e l l  

population i n t o  the microscopic f i e l d .  



1.4.3 P r i o r i t y  Rating of Specif icat ions 

I f  it is  necessary t o  compromise on any of the  performance spec i f i -  

ca t ions  the  following list should be used a s  a guide i n  the  choice 

of trade-offs o r  capabi l i ty  l imi ta t ions .  The cha rac t e r i s t i c s  

required of the AAEF, i n  t2ecreasing order of importance, may be 

grouped as follows; cha rac t e r i s t i c s  wi th in  a given group a r e  

considered t o  be of roughly equal importance. 

Group I 

Determine individual  mobi l i t i es  of % 500 c e l l s  of 

diameter 2 t o  25 microns within 3d minutes from a 

7 sample of 10 c e l l s  o r  l e s s .  

Determine individual  mobi l i t i es  t o  an accuracy of 

k 1. OX over a mobili ty range of 0.5 x t o  

3 .O x 10'~ cm2 v-I. 

Operate a t  25OC with suspending media of s p e c i f i c  

conducti-qicy < 0.02 Q-1 cm-' over a pH range of 

6.5 t o  7.5. 

Use applied e l e c t r i c  f i e l d s  of frequency < 1000 Hz. 

Chamber and e lec t rodes  must be compatible with normal 

b io logica l  support media (containing pro te ins ,  carbo- 

hydrates,  mult ivalent  ions,  e t c .  ) i n  t h e i r  operating 

configuration. Measurement conditions and chamber 



materials s h a l l  be such t h a t  c e l l s  undergoing measure- 

ment r e t a i n  the  same v i a b i l i t y  and sur face  proper t ies  

as an appropriate  cont ro l  suspension not  exposed t o  

the instrument . 

Provide hard copy of mobili ty d i s t r i b u t i o n  plus  me= 

and standard deviat ion of t o t a l  population. 

Group 11 

Determine Individual mobi l i t i es  of 'L 500 c e l l s  within 

10 minutes a t  a r a t e  of four  t o t a l  de t emina t ions  per 

hour. 

Provide a s t a t i s t i c a l  assessment of the  unimodality 

of t he  mobili ty d i s t r i bu t ion  v i a  t he  computation of 

d i s t r ibu t ion- f ree  s t a t i s t i c s  f o r  goodness of f i t  t o  

known mobility d i s t r i bu t ions  obtained from cal ibra-  

t i on  populations. 

Group 111 

Determine mob i l i t i e s  on a t o t a l  sample size. of 10 5 

c e l l s .  

Excluding problems of sedimentation the  apparatus 

should be capable of co l lec t ing  mobili ty da t a  on c e l l s  

i n  the  s i z e  range 0.5 t o  100 microns i n  diameter. 



a Determine individual  mobi l i t i es  t o  an accuracy of 

5 0.3% over a mobili ty range of 0.5 r t o  

8.0 x 10'~ an2 s" v-l. 

a Operate over a temperature range of 4°C t o  37°C and a 

pH range of 2 t o  11. 

a Incorporate the  capabi l i ty  of recognizing and record- 

ing o ther  individual  c e l l  parameters besides e lec t ro-  

phoret ic  mobili ty,  a s  seems appropriate  f o r  t h e  popu- 

l a t i o n  under examination. I n  ; a r t i c u l a r ,  provide the  

a b i l i t y  t o  d is t inguish  between c e l l s  with and without 

a f luorescent  label .  

1.4.4 - Counnents on User Community Survey 

Of the  87 surveys mailed out  t o  t h e  electrophoresis  user  community 

31 r e p l i e s  were received, many from wel l  known inves t iga tors  i n  

the  electrophoresis  f i e l d .  The v a s t  majority of respondents 

commented favorably on the concept of the AAEF (see Appendix 1) 

and many asked t o  be kept aware of i ts development. A number of 

d i f f e r e n t  uses f o r  the apparatus were suggested, many of which 

were c l i n i c a l  i n  nature. These included: 

Medical research uses; suggests Chris J. van Boxtel, M.D. 
connecting AAEF t o  an automatic Vis i t ing  S c i e n t i s t  
cel l -separat ion device Department of Pharmacology 

Vanderbilt University 
School of Medicine 
Nashville, Tennessee 



Lympho y te  electrophoresis  

Study l a rge  monocytes, 
t rvphablasts  i n  zero g 

Work with c e l l s  from immuno- 
itef i c i e n t  babies, spleen c e l l s  
arid Lymphoid c e l l s  

Analysis of d i f f e r e n t  ' ract ions 
of p l a t e l e t s  obtained by o ther  
me:ms, separated according t o  
rno~)i l i ty ,  and i n  f a i r l y  small 
amc~unts (Q 100 p l a t e l e t s 1  
f r. ct ion)  

Study of the mobili ty of c e l l s  a s  
fur~c t ious  of i o n i r  s t rength  a t  a 
given pH t o  gal. understanding of 
confor.na"hona1 change of the 
biopolymers a t  in t e r f aces ;  
microelectrophoretic study of 
adsorbed pro te ins  and nucleic  
acids  f o r  genet ic  fea tures  of 
the  adsorbed biopolymers 

AAEF woul,d be useF1.l i n  study- 
ing subce l l u l a r  p a r t i c l e s  , a s  
well  a s  i n  dpv. loping an ea r ly  
detect ion oL membrane systems 
a l t e r a t i , . ~ ~  which could 
possibl,  a c t  a s  pathogenetic 
factc  -s 

1:lectrop l o r e t i c  f rec t iona t ion  
of a sep t i c  c e l l s  r o r  subse- 
quent c e l l  cu l tu re  t o  de t ec t  
colony f o r ~ ~ n g  a b i l i t y  

D r .  Chollet  
Centre Jean Pe r r in  
place Henri Dunat 
B.P. 392 
63011 Clermont Ferrand Cedex 
France 

D r .  S.N.S. Hanjan 
Dept. of Biochemistry 
A l l  India  I n s t i t u t e  of 
Medical Sciences 
New Delhi - 16, Ind ia  

D r .  Johan N. W i l l  i g  
5016 Haukeland IIospital  
Norway 

D r .  Donna J .  Carty 
Dept. of Biochemistry 
Jordan MEB 
Univ. of Virginia  
Char lo t tesv i l le ,  Va. 22901 

D r .  D.K. Chat toraj  
Dept. of Food Technology and 
Bio-chemical Engineering 
Jadavpur University 
Calcut ta  - 700032, India  

D r .  Gabriela Dinescu-Romalu 
I n s t i t u t u e  Oncologie 
Dept. Immunology and 
Biochemistry of Cancer 
B-dul 1 Mai N r .  11 
POB 5916 
Bucuresti 12, Romania 

D r .  Chikako Sato 
Dep t . of Experimental Radiology 
Aichi Cancer Center Res. I n s t .  
Chikusa-ku 
Nagoya, Japan 



Electrokinetic characterization 
of lymphocyte s~~bpopulations ; 
documentation of electrophoretic 
behavior of blood platelets on 
exposure to a variety of pharma- 
ceutical agents; kinetic studies 
of cellular growth rates, cell 
cycle changes and regeneration 
of modified cell surfaces of 
cultured or isolated biological 
cells by electrophoretic means 

Use of AAEF in develop.Lng an 
accurate test for malignant 
disease 

Use of AAEF in platelet studies 

Use of a high precision instru- 
ment in determination of E.M. 
in the area of cell membrane 
imnogene tics and inununo- 
chemistry and many other 
studies 

Detection of small electro- 
pboretic subpopulations 

Use of AAEF in cancer diagnosis 
emphasized by the MEM test 
(BMJ - 2, 613 (1971) 

Use of 'UI:F in detecting cancer 
in connection with the MEM test 

Dr. G.V.F. Seaman 
Dept . of Neurology 
Univ. of Oregon Health 
Sciences Center 
Portland, Ore. 97201 

Dr. Alan W. Preece 
Principal Physicist 
Radiotherapy Centre 
Horf ield Road 
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2 DETAILED TECHNICAL SECTION 

Performance Spec i f ica t ions  f o r  t he  AAEF 

The spec i f i ca t i ons  given i n  Section 1.4.1 a r e  discussed i n  d e t a i l  

below wi th  t he  r a t i o n a l e  f o r  each. 

2.1.1 Sample Size and Rapidity of Measurement 

The mobilities of approximately 500 cel ls  should be obtained i n  

10 minutes fron a sample of 20' ce l l s  or less. Separate mobility 

distributions should be able to  be collected at  a rate of 4 per 

hour. 

These requirements s a t i s f i e d  t he  majori ty  of the  survey respon- 

dents.  A t  l e a s t  f i v e  hundred da t a  po in ts  a r e  general ly  required 

i f  curve-f i t t ing is t o  be ca r r i ed  out  s t a t i s t i c a l l y  v i a  computer 

(2),  although 1,000 would be preferable .  Also, i t  has  been our 

experience t h a t  severa l  hundred poin ts  a r e  necessary t o  provide 

a r e l i a b l e  histogram even a t  low reso lu t ion  f o r  some c e l l  popula- 

t i ons ,  such a s  per iphera l  lymphocytes. 

Some typ i ca l  da ta  on the  number of timings poss ib le  using a 

cy l ind r i ca l  chamber microelectrophoresis apparatus a r e  given i n  

Table 2.1.1.1 f o r  formaldehyde (CH20) f ixed  erythrocytes  and 
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human peripheral lymphocytes in 0.154 M NaCl buffered to pH 7.4 

with NaHC03. 

It takes approximately 10 minutes for one sample to sediment out 

of the field of view. On the average approximately 5-6 cells are 

6 in focus at any one time at cell concentrations (6 x 10 to 

2 x 10' cellslml) for which the optical quality is high but at 

which enough cells are present to allow a measuremett to be made. 

If a velocity measurement were to be made every time a t.v. line 

was scanned the measurempnt rate would be % 15 kHz. In lU min = 

600 s about 100 fields would have to be scanned to measure 500 

mobilities, and if 1 s is allowed for transfer from field to 

600 s field via a stepping motor, then (- - 1) = 5 s would be the 
100 

measurement time per optical field. In this time 5 x 1.5 x lo4 = 

7.5 x lo4 velocity estimates per cell would be made. Even if at 

this time resolution electrophoretic migration proceeds with a 

stochastic component the accuracy of the measurement would increase 

as N1I2 for N estimates. Hence, the relative accuracy of the 

4 -112 3 10-3. determination would be N1I2/~ = N-lI2 = (7.5 x 10 ) 

From this calcu1at:ion it would seem feasible to increase the sample 

size to 1000 cells without much loss in accuracy, but much depends 

on how long is required to change optical fields. The give? 

figures seem a good compromise, therefore. 



The present ly used small  volume chambers contain 'L 1 m l  of sue- 

pension, and the t ab l e  shows t h a t  a t  l e a s t  6 x lo6 c e l l s  would be 

required t o  provide a s u f f i c i e n t  c e l l  density f o r  measurement. 

It i s  pocrsible, however, t o  i n j e c t  the c e l l  suspension v i a  ca the t e r  

tubing only i n  the  region of the o p t i c a l  f i e l d  and reduce the  

number of c e l l s  required by two orders  of magnitude. Hence, i t  

would appear f e a s i b l e  t o  achieve the sample s i z e  spec i f i ca t ion  of 

lo5 c e l l s .  Allowing 5 minutes f o r  chamber r ins ing  and .ample 

replacement the  indicated r a t e  of 4 samples/hr should be achieved. 

2.1.2 Cel l  Size Requirements 

Excluding problems associated with ce l l  sedimentatioir the AAEF 

should be capable of cotlecting mobility data on nm-pigmented 

ce l l s  i n  the s ize  range of 0.5 t o  200 microns i n  dicmeter, 

This s i z e  range e a s i l y  covers a l l  conceivable mammalian c e l l s  

which might be of i n t e r e s t .  Two respondents t o  the  survey 

spec i f ied  the upper l i m i t ,  but many c e l l s  of c l i n i c a l  i n t e r e s t  

would f a l l  i n  the range 2 t o  25 microns diameter. 

Mobility Accuracy and Range 

Each individual mobility determination should ba accurate t o  + 0.3% 

over a mobility range of 0.2 x lo-( t o  8.0 x m2 s-' voz. 



The considerations discussed i n  Section 2.1.1 p a r t i a l l y  defined 

the f 0.3% accuracy spec i f i ca t ion  a s  being the bes t  t h a t  could be 

expected f o r  the  number of c e l l s  spec i f ied .  Since nothing i s  

known about c e l l  subpopulation d i s t r i bu t ions  a t  t h i s  l e v e l  of 

taso lu t ion ,  probably the  more accurate the be t t e r .  On the o ther  

hand an accuracy l e s s  favorable than 5 1% might be worse than some 

preparat ive electrophoresis  techniques and the  AAEF accuracy 

should be b e t t e r  than thos t  t o  f u l f i l l  i t s  purpose. 

The mobili ty range spec i f ied  covers a l l  known na t ive  c e l l  mobili- 

t i e s  a t  physiological pH and allows f o r  mobil i ty  detrrminations 

a f t e r  a va r i e ty  of chemical o r  enzymatic treatments as well. 

2.1.4 Specif ic  Conductivity. Temperature and pH Range 

The AAEF must be capable o f  operating w i t h  suspending media of 

specific conductivity < 0.021 dz on-' over a tenperatwe mnge 

of 4 O C  t o  37'C and over a pH range of 2 to  1 2 .  

It is e s s e n t i a l  t h a t  the AAEF be ab le  t o  operate with suspending 

medip of physiological i on ic  s t rength  (which determined the con- 

duc t iv i ty  upper l i m i t )  s ince  only under such conditions would an 

unknown c e l l  population be reasonably su re  t o  provide a mobili ty 

d i s t r i bu t ion  which r e f l e c t s  p r o p e r t i t  of the  na t ive  c e l l  surface. 

In  lower ion ic  s t rength  media leakage of c e l l  contents followed 



by adsorption t o  the c e l l  surface frequently occurs, leading t o  

spurious e l ec t rok ine t i c  cha rac t e r i s t i c s  ( 3 ) .  It is e s s e n t i a l  t o  

have physiological ion ic  s t rength  base l ine  data  f o r  c e l l  popula- 

t i ons  whose surf  ace charge proper t ies  haven' t been completely 

explored. 

The operating temperature and pH ranges included a l l  those re- 

quested by respondents t o  the  survey. They represent  the usual 

l i m i t s  f o r  such parameters when v i ab le  c e l l s  a r e  employed. 

2.1.5 Chamber and Electrode Mater ial  

The chamber and electrodes should be compatible with noma2 bio- 

logical suppr~rt media (containing proteins, carbohydrates ,multi- 

vaZent ions, e t c . )  i n  their  operating configuration. Measursment 

conditions and chamber materials should be such that cells under- 

going measurement retain the same v i a b i l i t y  and surface properties 

as on appropriate controZ suspension not exposed t o  the instnonent. 

This requirement is se l f  evident. Some c e l l  types such a s  

p l a t e l e t s  and macrophages adhere t o  g l a s s ,  the usual mater ia l  of 

choice. However, t h i s  adherence need not  i n t e r f e r e  with the 

mobili ty determination unless  any c e l l  products leaked by 

adherent c e l l s  i n t e r f e r e  with the  c e l l s  being measured. This can 

i n  pr inc ip le  be a problem with p l a t e l e t s ,  but  macrophages have 



not been shown t o  be a problem i n  t h i s  sense. 

2.1.6 Applied F ie ld  Specificatiori  

The applied elactric fie2d m q  be either rS, or AC t o  take advan- 

tage of the suppression of  elea.troosmotic f tm i n  the etectro- 

phcresis chamber, provided the applied f ie ld  frequenq i s  lese 

than approximatezy 2.0 kHz. 

It has been shown by Vorob'eva, Vlodavets and Dukhim (4) t h a t  the 

electroosmotic flow p r o f i l e  i n  a chamber with rectangular  cross- 

sec t ion  is s ign i f i can t ly  blunted i f  an a l t e rna t ing  e l e c t r i c  f i e l d  

is applied. This blunt ing provides a core region i n  t he  center  

of the  chamber over which mobili ty determinations should be ab le  

t o  be made independent of pos i t ion ,  provided only t h a t  t he  magni- 

tude of the  core ve loc i ty  be known. The blunting is  independent 

of t he  magnitude of the electroosmotic ve loc i ty  a t  the chamber 

wall ,  and hence is independent of the chrmber wal l  sur face  charge 

cha rac t e r i s t i c s .  

The i n t e r e s t  i n  t h i s  phenmenon from the point of view of the  

AAEF is c l e a r  i f  the  discussion i n  Section 2.1.1 is considered. 

I n  order  t o  make accurate  e lec t rophore t ic  mobili ty measurements 

a t  more than one r a d i a l  loca t ion  i n  the chamber t he  background 

f l u i d  flow should be constant throughout the  region of i n t e r e s t .  



With a DC app l i  d f i e l d  t h i s  can only occur if e i t h e r  no e lec t ro-  

osmotic flow is present,  implying a zero w a l l  charge, o r  i f  plug 

flow occurs induced by the presence of porous plugs bearing the  

same cap i l l a ry  surface charge a s  the  chamber wal l s  (5). Both 

these procedures involve w a l l  coating techniques which a r e  not  ye t  

well  worked out nd which a r e  l i k e l y  t o  be time-dependent. Using 

an AC f i e l d  t o  f l a t t e n  and reduce the  core flow appears t o  be an 

excel lent  so lu t ion  t o  the  problem provided s u f f i c i e n t l y  rapid 

veloci ty  measuring techniques a r e  avai lable .  Techniques which 

r e ly  on displacement and time measurements t o  ca l cu la t e  mobi l i t i es  

cannot ea s i ly  u t i l i z e  t h i s  innovation because of the smll dis-  

placemeilt amplitudes involved a t  the frequencies required. 

Although an ana ly t i ca l  solut ion f o r  a f l a t  chamber e x i s t s  i n  the  

l i t e r a t u r e  (4), no ca lcu la t ions  have been made f o r  AC e lec t ro-  

osmosis i n  cy l indr ica l  chambers. We therefore undertook an 

experimental and theore t ica l  study of t h i s  problem, the  r e s u l t s  

of which a r e  described below. 

2.1.6.1 Theoretical Inves t iga t ion  of Relaxation Effec ts  

We consider the flow i n  a long closed cy l indr ica l  chamber of 

c i r cu l a r  cross  sect ion,  radius  a, f i l l e d  with a f l u i d  of v i scos i ty  

TI and densi ty  P. Next t o  t he  chamber 7-11 a t  the  r a d i a l  coordinate 

r = a the f l u i d  ve loc i ty  due t o  elactmo8mosis is  voei*lt due t o  



t he  appl ica t ion  of a s inusoidal ly  varying e l e c t r i c  f i e l d .  We 

assume we a r e  f a r  enough from the  ends of the  chamber t h a t  t h e  

flow is purely ax ia l .  The Reynolds Number i s  assumed such t h a t  

the creeping flow equations apply. Since the chamber is closed 

a pressure gradient  dP/dz e x i s t s  i n  t he  a x i a l  d i r ec t ion  ( r e s u l t s  

f o r  an open chamber a r e  found by s e t t i n g  dP/dz = 0 ) .  We seek an 

expression f o r  t he  time-dependent ve loc i ty  p r o f i l e  v ( r , t ) .  

For a x i a l  flow, the Navier-Stokes equation i n  c y l i n d r i c a l  coor- 

d ina tes  is: 

o r ,  s e t t i n g  

and 

iwt 
Let v ( r ,  t )  = u(r)eiwt , u ( r )  complex, and wr i t e  K - Koe , 
KO = complex constant. Using the f a c t  t h a t  the flow a t  r = 0 

must be f i n i t e ,  and the  bounding conditions: 

1 )  u(a)  = uo = r e a l  

t )&( r )*Znr -d r  = 0 i n  a closed system, i t  c m  be shown 

t h a t  the following so lu t ion  f o r  u ( r )  appl ies:  



u(r) = aap-r A By beraa - - bei'aa berar 
2 

4 1 
+ [ b e  + bear - r + 9 . )  2 

+ i([y beraa - - beitaa beiar 
2 1 

- [y beiaa + A ber 'aa berar + fo 
2 1 2 

where: berx, beix are zeroth order real and imaginary Kelvin 

functions of x (6) 

ber'x, bei'x are their first derivatives w.r.t.x. 

a = (w/v) 112 

w = radian frequency of applied field 

q = beraaebei'aa - ber'aa'beiaa 
r, = beraa-ber 'aa + beiaa* bei'ba 

Some typical plots of the fluid velocity amplitude at a point r, 

divided by its value at the wall, are given for a 2 mm diameter 

tube, both open and closed, in Figures 2.1.6.1.1 and 2.1.6.1.2 

according to this expression. It is clear that in the cylindrical 



F i g u r e  2. 1. 6. 1. 1. A m p l i t u d e  p r o f i l e  o f  f l o w  
v e l o c i t y  i n  a  c l o s e d  c y l i n d r i c a l  c h d m b e r  i n -  
d u c e d  b y  e l e c t r o o s m o s i s  i n  a l t e r n a t i n g  e l e c -  
t r i c  f i e l d s  o f  t h e  f r e q u e n c i e s  i n d i c a t e d :  
v e l o c i t y  a m p l i t u d e  e x p r e s s e d  r e l a t i v e  t o  a m p l i -  
t u d e  o f  w a l l  v e l o c i t y  uo; c h a m b e r  r a d i u s  = 

0 .1  c m .  



l u l  - 
U o  

F i g u r e  2. 1. 6. 1. 2. A m p l i t u d e  ~ r o f i l e  o f  f l o w  
v e l o c i t y  i n  a n  o p e n  c y l i n d r i c a l  c h a m b e r  i n d u c e d  
by  e l e c t r o o s m o s i s  i n  a l t e r n a t i n g  e l e c t r i c  f i e l d s  
o f  t h e  f r e q u e n c i e s  i n d i c a t e d ;  v e l o c i t y  a m p l i t u d e  
e x p r e s s e d  r e l a t i v e  t o  a m p l i t u d e  o f  w a l l  v e l o c i t y  

c h a m b e r  r a d i u s  = 0 .1 cm. " 0 '  



geometry as well there is considerable blunting of the flow profile 

accompanied by a decrease in amplitude as the frequence is increased. 

The effect occurs at lower frequencies in the open than in the 

closed chamber. Figure 2.1.6.1.3 shows that the region over which 

position-independent flow occurs occupies greater thkn 90% of the 

cross-sectional area in a closed chamber at frequencies above 

160 Hz, It should therefore be possible to make cell electro- 

phoretic mobility determinations over a considerable depth of the 

chamber without variation in the electrcosmotic component of the 

observed velocity, providing the cell mobility values themselves 

are not affected by fields of the frequency employed. 

An estimate of the upper frequency limit beyond which AC fields 

should not be employed for accurate results may be obtained from 

a considzration of the relaxation behavior of a particle under- 

going electrophoresis. For small particles in low ionic strength 

medium where the ionic double layer is expanded, the double layer 

itself becomes significantly polarized in the applied electric 

field. This polarization acts to retard the particle motion. The 

relaxation behavior of the retardation effect has been studied in 

some detail (7,8), and the relaxation frequency found to be very 

low for particles of the size of cells (5-50 Hz). Fortunately, 

however, the conditions under which electrophoretic retardation 

has any effect on cell mobilities are such that no retardation 



i i g u  r e  2. 1. 6. 1. 3. R e l a t i v e  w i d t h  o f  c o r e  r e g i o n  
o v e r  w h i c h  f l o w  v e l o c i t y  a m p l i t u d e  i s  i n d e p e n d e n t  
o f  p o s i t i o n  i n  a  c l o s e d  c y l i n d r i c a l  c h a m b e r  o f  
r a d i u s  0. 1 cm. 



occurs under the usual biological operating conditions. Retarda- 

tion effects are only felt if 

where K is the inverse of the double layer thickness, given by: 

where NA = Avogadro's number 

e = electron charge 

E = medium dielectric constant 

kT = Boltzmann's constant x absolute temperature 

1 I = ionic strength Z - C 
2 

2 i Cizi 

zi = valence of ionic species i 

CI = molar concentration of ionic species i 

Even in a lower ionic strength medium of c = 10'~ M so long as 

a > 2.5 microns no retardation will occur, and hence relaxation 

of retardation will have no effect on cell mobility. 

The other relaxation behavior which requires investigation is the 

frequency dependence of the relaxation due to cell inertia, that 

is, the time it takes for a cell to reach terminal velocity when 

an electric field is applied. The relaxation time uay be obtained 

from a straight forward analysis of the second order differential 

force balance equation usiw Henry's (9) expressions for the 



forces  act ing on a p a r t i c l e  undergoing electrophoresis .  

The d i f f e r e n t i a l  equation is: 

which leads to: 

v ( t )  = v O ( l  - e-t'*) 

2 a2  where -r = - - p, i s  the  cha rac t e r i s t i c  re laxa t ion  time f o r  
9 n 

a spher ica l  c e l l .  Here: 

E = magnitude of e l e c t r i c  f i e l d  applied a s  a s t ep  

function a t  time t = 0 

5 = p a r t i c l e  ze ta  po ten t i a l  

x = s p a t i a l  coordinate; number of do ts  i nd ica t e  f i r s t  

o r  second der iva t ive  

v ( t ) , vo  = time-dependent and steady s t a t e  ve loc i ty  respect ively 

4 3 m = mass of c e l l  = - .rra p c  
3 

pc  = c e l l  densi ty  

The re laxa t ion  frequency ur = r-l f o r  a c e l l  of 5u radius is  

therefore 1.5 x lo5 Hz, and the  c e l l  ve loc i ty  w i l l  be within 0.3% 

of vo a f t e r  a time T' = 38 MS, implying frequencies < 26 kHz 

would be acceptable.  A frequency of 1.0 kHz would therefore  be 

sa t i s f ac to ry  f o r  c e l l s  up t o  50p diameter, although the l a r g e s t  

c e l l s  snggested by survey respondents ( 1 0 0 ~  diameter) would be 



limited to measurement frequencies of 5 250 Hz. Since these very 

large cells probably could not be measured at one g, the 1 kHz 

upper limit was considered reasonable as a frequency specification. 

2.1.6.2 Experimental Investigation of AC Electroosmosis 

The only techniques available to us to test the theory presented 

in the previous section without major expenditure were displace- 

ment amplitude measurements of test particles undergoing electro- 

phoresis. We were therefore limited in frequency to v 6 10 Hz 

because in spite of maximizing the field strengthparticle 

mobility and optical magnification the displacements were too 

small to measure visually at higher frequencies. 

The test particles used were polyvinyl toluene (PVT) latex spheres 

of 2.02~ diameter suspended in 5 x 10'~ M NaHC03 plus 0.02% sodium 

dodecyl sulphate (SDS). The SDS was added to produce a high 

uniform surface charge by equilibrium adsorption that would be 

time independent and that would maximize particle displacements 

due to the sum of electcaosmotic flow and electrophoretic motion. 

A high field chamber was constructed for the experiments with a 

short 2 mm i.d. capillary section (3.5 cm compared to the usual 

10 cm) to maximize the field strength obtainable for a given 

applied voltage. The AC power supply was comprised of a modified 

Exact Model 251 Function Generator and an Exact Model 170 



Amplifier whicl.1 combination delivered a reasonably f a i t h f u l  s i n  

and square wave of 80 v pk-pk a t  up t o  0.5a. F ie ld  s t r eng th  of 

9.7 v cm-' were appl ied v i a  platinized-Pt e lec t rodes  a t  frequen- 

c i e s  between 0 and 10 Hz t o  suspensions of the  PVT spheres i n  

NaHC03/SDS. P a r t i c l e  o s c i l l a t i o n s  were recorded on a SONY A!' 

3600 video tape recorder hrough the  microelectrophoresis 

apparatus microscope a t  1, X1000 o p t i c a l  magnification. Oscilla- 

t i o n  amplitudes were measured by a frame-by-frame ana lys i s  of t he  

recordings using a ca l i b r a t ed  g r id  on the  screen of a high 

reso lu t ion  Concord VM12 video monitor. Osc i l la t ions  were recorded 

throughout one half  of the  depth of the cap i l l a ry  chamber, t he  

pos i t ion  wi th  respec t  t o  t h e  wal l  being given by a d i a l  gauge 

ind ica tor  gauged t o  t he  focussing adjustment of t he  microscope. 

The PVT/SDS system had a narrow, reproducible mobil i ty  d i s t r i bu -  

t i o n  with mean mobili ty (DC) measured a t  the  s t a t i ona ry  l e v e l  of 

-7.64 2 0.34 11 s-I v-' cm. Extrapolation of the  DC parabola of 

apparent mobil i ty  a s  a funct ion of d i s tance  from the wal l  gave 

the  r a t i o  of wal l  ve loc i ty  t o  p a r t i c l e  ve loc i ty  f  = 1.06. 

The theory of Section 2.1.6.1 was u t i l i z e d  t o  ca l cu l a t e  tile 

t heo re t i ca l  p a r t i c l e  displacement amplitude, D,  by t he  following 

expression: 



where v = p a r t i c l e  ve loc i ty  due t o  e lec t rophores i s  only 
P 

f = uo/vp 

uo = electroosmotic flow ve loc i ty  a t  chambe: wal l  

= u i  + u: 

uR,uZ = r e a l ,  imaginary p a r t s  of complex f l u i d  ve loc i ty  

amplitude u ( r )  

w = radian frequency appl ied f i a l d  

The r e s u l t s  of both experiment end theury a r e  presented i n  

Figure 2.1.6.2.1. The a r b i t r a r y  displacement amplitude u n i t s  

a r e  i n  f a c t  cm of displacement on the  video monitor screen. 

There w a s  an absolute  systematic 17% underestimate of the  theoret-  

i c a l  p red ic t ion  of t he  magnitude of t he  observed displacement 

which was probably an o p t i c a l  ca l i b r a t i on  e r ro r .  The experimental 

values  were therefore  a l l  corrected by t h i s  amount t o  allow a 

b e t t e r  comparison of r a d i a l  dependence r e s u l t s  t o  be qada. The 

Figure shows t h a t  the  t heo re t i ca l  pr-dict5.ons were borne out  by 

the  experimental r e s u l t s  over t h e  range tes ted .  I f  the theory 

were not applied and the  displacements ca lcu la ted  assuming 

u ( r )  /uo was independent of frequency the  t heo re t i ca l  r e s u l t s  a t  

5 Hz and 10 Hz would have f a l l e n  uniformly 2 t o  3 standard 

deviat ions above the  measured values near t h e  cen te r  of t he  
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chamber. The theory is therefore probably correct, although much 

more work would have to be done to verify it exactly. 

Implications for AAEF 

The results described above strongly suggest that it would be 

advantageous to operate the AAEF in an AC mode. AC operation 

would allow cell velocity measurements to be made over most of the 

volume of the chamber without having to reduce the wall charge to 

zero. Such freedom is clearly required if a large number of 

mobility determinations are to be made on each sample If an 

open chmber were designed, the electroosmotic flow would be 

essentially zero over the core region. If a closed chamber were 

to be used at frequencies between 1.0 kHz and 0.1 kHz the magni- 

tude of the core velocitv would be 2% to 5% of the wall velocity. 

Apparent mobility histograms would therefore exhibir an internally 

consistent absolute error of this size. Absolute histograms could 

easily be derived by either measuring the ;ore velocitj~ with 

particles of known finite or zero mobility or by caiculation 

applying the above theory. 

2.1.7 Non-electrophoretic Characteristic Recoguition 

The AAEF should incorporate the capability t o  recogniae and record 

other individual ce 2 L parameters besides electrophoretic mobitity, 



as seem appropriate for the population under  tion on. In 

p a r t i c u h ,  the abi l i ty  t o  distinquish between cel ls  with and 

tvithout a f luorescent W e t  should be included i n  the AAEF. 

Optical examination of individual  c e l l s  i n  the  AAEF opens up the  

poss ib i l i t y  of seasurement of other  parameters which may be 

correlated with e lec t rophore t ic  mobili ty.  The sedimentation r a t e  

of each c e l l  could i n  p r inc ip l e  be measured simultaneously with 

i ts  veloci ty  measurement, providing information on the  geometry 

and density of the c e l l .  It would a l so  appear possible  t o  incor- 

porate the a b i l i t y  t o  de t ec t  the  presence o r  absence of a f luores-  

cent l a b e l  on each c e l l .  I n  t h i s  way very sens i t i ve  sur face  

property cor re la t ions  could be made s ince  highly s p e c i f i c  an t i -  

bodies and Lactins may e a s i l y  be tagged with f luorescent  labe ls .  

This capabi l i ty  would tremendously strengthen the AAEF s ince  it 

would then include a s ens i t i ve  and widely used recognition proce- 

dure which would allow subpopulation iden t i f i ca t ion .  

Data Analysis Software 

As well as providing hard copies of electrophoretic mobility 

distributions, the AAEF should include the capabi l i t y  for detailed 

s tat is t ical  analysis of the mobility data. These programs should 

provide : 

descriptive s ta t i s t ics  for the data. 



assessment of the mimodality of the mobitity distribu- 

tion via the conputation of distribution-frec s tat is t ics  

for goodness of f i t  to  known mobility distributions 

obtained f rom calibration populations. 

special locally most powerful t e s t  s tat is t ics  t o  detect 

very small sdpoputations of knam mem cDtd standard 

deviation, with errors of the f irs t  cmd secoxd kind 

controt led t o  within preset limits. 

The requirement for statistical calculations and tests of the data 

is clear. Particular attention should be paid to the identifica- 

tion and characterization of subpopulations since these are the 

objects of interest for preparative electrophoresis. The better 

characterized they are the better may be chosen the conditions 

for their separation. There exist in the literature special test 

statistics designed to detect very small subpopulations of known 

characteristics (10). These should be included in the AAEF 

software . 

2.2 hbcommended Automation Technique 

As a result of reading and discuasions with various concerned 

individuals four possible techniques for automating analytical 

electrophoresis were identified and considered. Each will be 



described below and i ts  mer i t s  discussed. 

Laser Doppler Spectroscopy 

The Doppler s h i f t  i n  l a s e r  l i g h t  s ca t t e r ed  by c e l l s  undergoing 

electrophoresis  has recent ly been u t i l i z e d  independently by two 

inves t iga tors  t o  estimate mobili ty d i s t r i bu t ions .  D r .  Ben Ware 

of Harvard University and D r .  Ed Uzgiris of General E l e c t r i c  

Research and Development Center have both developed apparatuses 

of comparable accuracy (3%-5%) . The measurement technique con- 

sists bas ica l ly  of op t i ca l ly  beating the  l i g h t  s ca t t e r ed  from 

moving c e l l s  aga ins t  an unshif ted reference beam and de tec t ing  

the mixed beam with a photocell .  The frequency d i f fe rences  due 

t o  Doppler s h i f t s  i n  the  beam sca t te red  from c e l l s  undergoing 

electrophoresis  a r e  proport ional  t o  the  c e l l  veloci ty .  Providing 

no electroosmotic o r  other  flows a r e  present  i n  the system the  

beat  frequency spectrum is proport ional  t o  the  mobil i ty  d is t r ibu-  

t i on  of the c e l l  sample. 

The l a s e r  Doppler approach has t he  following advantages: 

a The mobility d i s t r i b u t i o n  i s  obtained rapidly;  an 

acceptable spectrum from the  c e l l s  present i n  t he  

sca t t e r ing  volume can be co l lec ted  i n  less than one 

minute. 



a Sample volumes a r e  small, w e l l  under 1 m l ,  and less 

than 10' c e l l s  could be used t o  provide a d is t r ibut ion .  

a The technique is very v e r s a t i l e  with respect t o  the 

dimensions of the  c e l l s  o r  pa r t i c l e s  being examined; 

anything from the s i z e  of macromolecules on up may be 

used as  the sample. 

a Most of the  basic apparatus designs, with the exception 

of a sa t i s fac tory  chamber fo r  physiological ionic  

s trength work, have been worked out. 

a An apparatus could be assembled f o r  r e l a t ive ly  low 

cost  (< $20,000 excluding s t a t i s t i c a l  analysis  capa- 

b i l i t y ) .  

It i s  reconmended tha t  the AAEF not be developed around l a se r  

Doppler spectroscopy, however, fo r  the following reasons: 

a The technique would not be very accurate, par t icular ly  

fo r  c e l l s  suspended i n  media of physiological ionic  

s trength where mobil i t ies  a re  r e l a t ive ly  low. Typical 

Doppler frequency s h i f t s  recorded under these conditions 

would be 20 + 0.5 Hz where the uncertainty represents 

the  resolution of the spectrum analyzer used. Hence, 

even assuming no other e r ro r s  were present the accuracy 



and reso lu t ion  would be l imited t o  f. 2-3%. Since i t  is 

corceivable t h a t  preparat ive electrophoresis  techniques 

could surpass  t h i s  reso lu t ion ,  a more prec ise  technique 

f o r  the  AAEF would be preferable.  

It w;uld be d i f f i c u l t  t o  apply the AC mode of e lec t ro-  

phoresis i n  order t o  el iminate  problems associated with 

electroosmosis. I f  frequencies much higher than the  

magnitude Doppler frequency s h i f t  a r e  applied, t he  

frequency spectrum cannot be analyzed within the  

period of one cycle of the applied e l e c t r i c  f i e l d .  

Switching t r ans i en t s  then appear i n  t he  sca t t e r ed  

l i g h t  spectrum a t  harmonics a t  the  applied f i e l d  

frequency. While i n  pr inc ip le  the required t rue  

Doppler frequency spectrum can be ex t rac ted  from the  

spectrum t h i s  could be a d i f f i c u l t  problem when a 

complex mobili ty spectrum is superimposed on the 

t r ans i en t s  which would probably reduce the  accuracy of 

the derived mobili ty d i s t r i b u t i o n  somewhat. Alterna- 

t i v e  methods f o r  eliminating electroosmosis such a s  

keeping the  electrodes away from the chamber walls  o r  

using chamber wall  coatings a r e  object ionable i n  t h a t  

sample contact with e lec t rode  products is t o  be avoided 

and wall  coatings a r e  time dependent a t  bss t .  



There is no way to obtain non-electrophoretic informa- 

tion on individual cells or cell populations undergoing 

electrophoresis. 

No one has yet worked successfully with the technique 

in high ionic strength media; certainly the accuracy 

and resolution of distributions of low mobility popula- 

tions would be very pLor due to the resolution limit of 

the spectrum analyzer. 

The mobility spectrum produced is not a true mobility 

distribution. The output from the spectrum analyzer is 

in fact a plot of scattered light intensity as a func- 

tion of beat frequency, While the beat frequency is 

directly proportional to cell velocity, the scattered 

light intensity is not proportional only to the number 

of cells in the scattering volume. The intensity of 

light scattered at a given angle will depend on cell 

size, shape, orientation and refractive index. Unless 

all these properties are known as a function of mobility, 

the true distribution of cell number =mobility cannot 

in principle be obtained. In an unlcnown cell population 

these parameters could vary widely, producing apparent 

peaks in the distribution that could lead to misinter- 

pretation of the spectrum and identification of sub- 



populations t h a t  would not  be aeparable by preparat ive 

electrophoresis .  

For these reasons, pa r t i cu l a r ly  f o r  t h a t  regarding the  f i d e l i t y  

of the  apparent mobili ty d i s t r i bu t ion  produced, i t  would seem t h a t  

l a se r  Doppler spectroscopy would not be a s  su i t ab l e  a technique a s  

t ha t  recommended. 

2.2.2 Pen Kem Automation Technique 

M r .  Ph i l  Goetz of the  Pen Kem Corporation has invented a technique 

f o r  transducing the focussed microscopic image of a f i e l d  of moving 

p a r t i c l e s  i n t o  a s igna l  of sca t te red  l i g h t  i n t e n s i t y  a s  a function 

of migration veloci ty .  The image of the  p a r t i c l e  f i e l d  and a g r id  

a r e  focussed on a photocell .  A s  the  l i g h t  beam sca t t e r ed  from 

each moving c e l l  crosses  the gr id  i t  generates a l i g h t  i n t e n s i t y  

pulse. The pulse frequency f o r  each c e l l  is  porportional t o  the  

veloci ty  of the  c e l l  r e l a t i v e  t o  the grid.  Hence the  frequency 

d i s t r i bu t ion  associated with the population can be analyzed with 

a spectrum analyzer t o  produce an apparent mobili ty spectrum. 

This technique has the advantages tha t :  

I n  p r inc ip l e  i t  can be applied d i r e c t l y  t o  micro- 

e lectrophoresis  a s  i t  is  present ly used. 



It is  compatible with the  appl ica t ion  of an AC f i e l d  

of the  frequencies required t o  obviate  electrocsmosis 

problems. 

It should b e  less sens i t i ve  t o  v ibra t ion  than the  

l a s e r  Doppler method. 

The Pen Kem approach suf fers ,  however, from the  following l imita-  

t ions  : 

A t  t he  time Pen Kem was contacted no system had been 

developed t h a t  could be used f o r  c e l l s .  A breadboard 

model was being put together but was being tes ted  only 

on Ti02 p a r t i c l e s  which s c a t t e r  much more l i g h t  than 

c e l l s .  It was not  c l ea r  t h a t  a c e l l  suspension would 

give a usable s igna l ,  nor t h a t  a s u f f i c i e n t  number of 

c e l l s  could be analyzed. 

Development cos t s  would probably be high. 

No Individual  c e l l  information could be obtained by 

t h i s  technique. 

Typical frequencies f o r  c e l l s  i n  media of physiological 

i on ic  s t r eng th  would be < 50 Hz so the  accuracy and 

reso lu t ion  of the  technique would then be  > f 1% due t o  

t he  reso lu t ion  of the  spectrum analyzer. 



The output is a p l o t  of s ca t t e r ed  l i g h t  i n t ene i ty  as a 

funct ion of p a r t i c l e  veloci ty .  A s  discussed i n  Section 

2.2.1 t h i s  is  not  necessar i ly  t he  t r u e  mobil i ty  d i s t r i -  

but ion and is therefore  open t o  only r e s t r i c t e d  i n t e r -  

p r e t a t i on  and analysis .  

Pr inc ipa l ly  f o r  t he  l a s t  reason the  Pen Kem approach was not  

recommended f o r  the  NASA AAEF. 

2.2.3 P a r t i c l e  F ie ld  Holography 

A s  one of the aims of developing the  AAEF is  t o  ob ta in  information 

on a la rge  number of c e l l s  the f e ~ s i b i l i t y  of using time l apse  

holography t o  s t o r e  t he  pos i t ions  of c e l l s  undergoing electro-  

phoresis a s  a funct ion of time was invest igated.  Subsequent 

ana lys i s  of the  holograms would allow the  determination of a 

l a rge  number of c e l l  mob i l i t i e s ,  Applying holography t o  t he  AUF 

would have the  following advantages: 

A l a rge  number of mobili ty determinations could be 

obtained on the  same sample. Using ava i l ab l e  standard 

3 technology holograms of I, 1 mmr of sample volume could 

be obtained with s u f f i c i e n t  frequency t o  2rovide > 10 4 

mobil i ty  determinations on a sample. 



Individual c e l l  geometries would be ava i lab le  t o  

co r r e l a t e  with mobil i t ies .  

5 Small sample s i z e s  could be  employed of 2, 10 c e l l s .  

However, t he  technique has severa l  disadvantages: 

r A method f o r  automatically analyzing holograms f o r  c e l l  

geometry and pos i t ion  would have t o  be developed a s  

none cur ren t ly  e x i s t s .  Such a developmenc would be 

qu i t e  expensive and take probably three  years.  

The ana lys is  would have t o  be done of f - l ine  which 

could be a disadvantage f o r  some appl icat ions.  

Since the method employs displacement measurements 

over known i n t e r v a l s  t o  determine c e l l  mnb i l i t i e s  the  

AC mode f o r  electroosmosis suppression could not be 

used. The electroosmotic p r o f i l e  would have t o  be 

known i f  a standard chamber geometry were used, o r  

another chamber with e lec t rodes  away from the  wal l s  

developed. 

Individual  mobili ty determinations might not  t :, very 

accurate ,  depending on the  amount of noise i n  t he  

hologram. Holography a t  present  has lover reso lu t ion  

than photography, 



For these reaeons i t  seems c lea r  tha t  at  the  prmrcmt time it would 

be unwarranted t o  attempt t o  apply p a r t i c l e  f i e l d  holographic 

techniques t o  the adtomation of analy t ica l  electrophoresis.  

2 . 2 . 4  Com~uter Analysis of Video Images of an Electro- 

phoresis Field 

This approach is discussed i n  d e t a i l  i n  an unsolicated contract 

proposal t o  MSFC dated April  22, 1975 and i n  subsequent docm,ents. 

Basically, a microelectrophoresis apparatus equipped with phase 

contrast  opt ics  would be used with a te levis ion  canera replacing 

the eye of the operator. The video image would then be analyzed 

line-by-line t o  measure the position of every c e l l  on each sweep. 

Measurements of c e l l  position would therefore be made a t  the r a t e  

of % 15 kHz. Phase contrast  opt ics  would ensure the sharp defini- 

t ion of c e l l s  i n  focus necessary fo r  t h e i r  ident i f ica t ion .  Auto- 

mation using t h i s  approach would have the  following advantages: 

Each mobility determination would be extremely accurate 

because of the  large n d e r  of estimates tha t  could be 

made on each c e l l  i n  a few seconds; accuracy should be 

very good over the  whole mobility range of in teree t .  

Electrophoresis could be carr ied out i n  a l te rnat ing  

applied f i e l d s  t o  suppress electroosaosis  and provide 

a la rge  volume i n  which mobil..ttjr,v would be independent 



of r ad ia l  posi t ion i n  the e l e c t r o p b r a r i r  chamber. A 

la rge  number of c e l l s  could therefore be measured with- 

out having t o  wait f o r  redimentation t o  replenirh the  

op t i ca l  f i e l d  a t  the  etat ionary level.  

Individual c e l l  chal - rc ter ie t ics  could be maeured and 

correlated with mobilities.  Fluorescent cells could 

a lso  i n  principle be distinguiahed. 

The mobility data would be su i t ab le  f o r  sophist icated 

s t a t i s t i c a l  analysis  because of its abrolute and 

re la t ive  accuracy. 

The principal  disadvantages of using video image analyais f o r  the  

AAEF would be that:  

The system w i l l  largely have t o  be developed from 

scratch and w i l l  be f a i r l y  expeneive. 

I n  s p i t e  of t h i s  d i f f i cu l ty ,  the advantages of t h i s  approach - 
par t icular ly  the accuracy, r ingle  c e l l  recognition capabil i ty and 

the poes ib i l i t i e s  f o r  e t a t i r t i c a l  tes t ing  - make t h i s  the 

technique of choice f o r  development of the  AAEF. 



PRIORITY RATING OF SPECIFICATIONS 

The epecificatione were formed into three group8 in diminiehing 

order of priority ae follows: 

Group I 

Detehns  individual mobilities o f  c 500 tmtZs of 

diameter 2 t o  25 mimema within 30 Mnutes f r a  a 

sanpte of 20' w t l s  or less. 

Determine individual m b i l i t i e s  to car acuwatq of 

t 1.0% over a mobility range of 0.5 z lo-' t o  

3.0 + 20-4 & v-l. 

Opervzte at  25'C with suspending media of speoifio 

conduoticity < 0.02 amoz over a pH m g s  of 

6.5 t o  7.5. 

Use applied electric f ietds o f  frequsnq < ZOO0 RS. 

Chamber and ekctrodes must be compatibk with n o m l  

biologicat support media (containing proteins, o d o -  

hydrates, multivalent ions, e tc ,  i n  their operatCng 

o o n f i L w t i o n ,  Measwemt d i t i o n s  and ohqmber 

matsriats shalt be euch that oelle undsqoing memawe- 

mt retain the same v i c j j i l i t y  and surface yropertise 



aa an appropriate uontrot suspeneion not expossd to 

the inatzwnent. 

Pmvi& hard mpy of mobility &str.5b?c~ion plus mscm 

and standard devht ion  of to ta l  population, 

These were considered the minimum require~lents  f o r  the  production 

of a f a c i l i t y  useful t o  the NASA electrophoteoie program. They 

would civercome the  problem of using the manual technique without 

providing too severe an impoeition on the  developer. It would 

accept c e l l s  i n  the normal s i t e  range ,n a number camonly required 

a t  praeent. A 30 minute maaeurement time i e  compatible with most 

c e l l  samples. P~ccuracy t o  + 1% would probably equal the  bes t  

preparative clectrophoreeis proceduree currently conceived. It 

would operate under phyeiological conditions i n  the .4C mode and 

would provide enough data  f o r  a r e l i ab le  reproducible mobility 

h i s  togram. 

Group 11 

Determine individual mobilities of * 500 uelle within 

20 minutes a t  a zute of four totat detemrimtionrr per 

hour. 

Prouib a e tat i t l t ical  assessment of the unimodulity of 

the mobility distribut?:on via the caputation of 



dis f r ibut ia- fme s ta t i s t ics  for gooditsss of f i t  to  

k n m  mobility distributions obtained fhm oalibration 

p p u  Zations . Provide special locally most pa;lerfuZ 

tes t  s tat is t ics  to detect very m a t t  8 U b - p o p ~ h t h S  of  

knotan mean and standard deviation, with errors of ths 

f i r s t  and s e d  kind contmtted to within preset 

limits. 

These additional requirements would allow a large number of 

samples to be examined and analyzed statistically for the presence 

of subpopulations that may not be obvious from the appearance of 

the histogram. Completion to this level would allow the AAEF to 

be applied to most samples of preparative interest. 

Group IT: 

Determine mobilities a a total sample siae of 20 5 

ce 2 2s. 

Excluding problems of sedimentation the apparatus 

shouM be capable of collecting mobility data a ce l l s  

i n  the size r a y s  0.5 ta  ZOO micron8 i n  diameter. 

Determine i n d i v i b l  mobilities t o  m acmmcy of  

A 0.2% over a mobility range of 0.5 s to 

8.0 x cm2 s" v-l. 



a Operate over a tempemture rvrnge of 4*C to 37'C and a 

pH range of 2 t o  2 2 .  

Inaorporate the capabttity of reoogniaing and record- 

ing other individual ce l l  parameters besides eteotro- 

phoretic mobility, as seems appropriate for the pop- 

Zation under &nation. In particutar, provids the 

abi l i ty  to dieknquish between ce2h  o i t h  wad oithout 

cr fluorescent Zabe 2.  

Completion to the final level would provide the ultimate instru- 

ment capable of examining the small sample sizes requested by 

many respondents to the user community survey. It would provide 

the most accurate data consistent with the number of measurements 

required. It would provide additional diagnostic cayabilities 

that would describe the sample more thoroughly than simply by its 

mobility distribution. It would therefore have a very powerful 

capability for sample characterization that would have diagnostic 

applications as well as applications in determining separability. 

These diagnostic applications were identified by many of those 

surveyed as prime possibilities for use of the AAEF in clinical 

situations. 
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Appendix 1 

User Comwurity Survey 

This Appendix is comprised of: 

the names and addresses t o  whom the user 

conenunity survey was distributed, 

the l e t t e r  and form which was mailed out, 

the responses received. 

Statements of particular interest  t o  the NASA electro- 

phoresis program have been underlined. 
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UNlVERSrrY OF OREGON 

HEALTH SCIENCES CENTER 

A s  you m y  know, the National Aeronautics and Space Administration 
of the United States is currently involved i n  an extensive program 
designed t o  develop f a c i l i t i e s  for  preparative electrophoretic eepara- 
t ions of biological materials under zero gravity conditions. By taking 
advantage of the lack of c e l l  sedimentation and thermal convection in 
such an environment more ef fec t ive  separations can i n  principle be 
achieved. As  part  of t h i s  program, NASA has found a need t o  obtain an 
automated analytical  electrophoresis f a c i l i t y  (AAEF) tha t  w i l l  allow 
rapid, accurate determinations of electrophoretic mobility d i s t r ibuc ims  
on a var ie ty  of complex mixtures of ce l l s .  The AAEF will be used 
primarily f o r  ground-based exemination of c e l l  populations which a re  
considered candidates for zero gravity separations. 

I n  order t o  make the development of a f u l l y  automatic analyt ica l  
electrophoresis apparatus maximally useful to  s c i e n t i s t s  outside NASA, 
I have been asked t o  survey the electrophoresis user ca~munity t o  
determine the performance levels  to which such an instrument should 
operate. In  t h i s  way i t  is  hoped that  i n  subsequent ava i l ab i l i ty  the 
instrltment w i l l  f u l f i l l  the  requirements of ae many investigator8 a s  
possible. I would therefore great ly appreciate i t  i f  you w o ~ l d  f i l l  
out the  attached form a s  f u l l y  a s  possible. Keep'in mind tha t  the 
AAEF, as presently envisaged, w i l l  be completely automatic aad rhould 
provide data on a large number of c e l l s ,  so please indicate the 
specif icat ions you would l ike  to  see sa t i s f i ed  without d i rec t  regard 
fo r  the current s t a t e  of the a r t .  

To s a t i s f y  NASA's schedule, I w i l l  need the canpleted rpeci f ica t ioa  
forms returned by December 19, 1975. Pleme addream them to: 

D r .  D.E. Brooke 
Department of Neurology 
University of Oregon Health Scisncer Center 
Portland, Oregon 97201 



May I thank you in anticipation of your ar8ist.nee in cmpLlity the 
operating rypacificatlon8 for the Male Your cooperation wvi l l  help produca 
an inatruent which I u sure will prove to ba a real .d*mca~nt in 

Youre eincerely , 

D.E. Brooks, Ph.D. 



OPEBATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPBORESIS FACILITY 

P l e u e  provide the valuer f o r  the  parametere given below which would beet r u i t  
your applicationr. Any c-ento or addit ional  requiramentr are walcuawd; pleaso 
include them i n  rerponre t o  quaotion 13. 

1. Wh~t  i e  the lmallert t o t a l  sample s i z e  (number of ce l l e )  tha t  you would wish 
t o  examine? 

2. How many individual c e l l  mobility determinations would be required i n  any 
one suspending medium t o  electrophoret ical ly characterize the  moat complex 
population with which you would l i k e  t o  deal? 

3. What a r e  the diameters of the  l a rges t  and smallest par t ic lee  you would lfke 
t o  examine electrophoret ical ly? 

4. What e t a t i e t i c a l  parameters should be provided by the AAEF t o  adequately 
describe the  mobility d ie  t r ibut ion  of your c e l l  populatione? 

5 What a r e  the  highest and lowest absolute mobility values you would wirh t o  
measure? 

6.  What ehould the  absolute accuracy of each mobility determination be? 

7. What i e  the  minimum mobility difference the AAEF sthould be able t o  rerolve? 

8. How rapidly, and a t  what inte,.vals, rhould the  electrophoret ic  characteriza- 
t ion  described i n  quertion 2 be carr ied out? Xr opeed of mearurement 
important t o  you? 

9. Over w b t  temperature range r b l d  the AAEF be capable of operating? 



i 

1 [j 

10. Over what raqe of pH and ionic r t rength would you l i k e  t o  operate? 

LJ 
11. Are there any unurual l lmi ta t ioru  on the  typar of m a t a r h l r  t o  which your 

( I 
rampler cm be axpored during electrophorarir? 

li 
12. Would you rather have an apparatur tha t  produced rapid (1 per minute) but 

[ ; epproxiPP.te (f 5%) mobility epectra o r  one tha t  war rlower (15 minuter par 
4 

datermination) but more accurate (i 0.1%)? 

11 13. Do you have urp other requi rmentr  tha t  should be conridered i n  p r w i d i q  
rpecificatioxu f o r  the  AAEF? Do you think the development of ruch an 
ixutrumont i r  worthwhile? Do you have my addit ional  c m t r ?  



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Please prov~de the values for the parameters given below which would best suit 
your applicationr. Any comments o;' additional requirement8 are welcomed; please 
include them in response to question 13. 

1. What is the smallest total sample size (number of cells) that you would wish 
to examine? 

2. How many individual cell mobility determinations would be required. in any 
one suspending medium to electrophoretical-j characterize the most complex 
population with which you would like to deal? 

3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretically? 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

P i - i r , ~  rS 1.:; ? ~ ~ l i r 3 t e  1 Istoc;rz,ns, second: comp:~ rison 'between histogrums of 

? i f~ 'c?-c .n ;  ::-t!nplLr7:; - :*ornutcr storat?? of 311 d:~t:r ?nd .-ln.llysis of de;rionce, 

cL th  ;...:*'.;r~17~ emp'r!.~nir, t.0 d i f  crencco i: i  mobili ty or' smnl.1 proportion of c c l l s  
snmi 

5 .  are if;6 highest and lowest absolute mobility values you would wieh to 
measure? 

9. 3 7 ,  *$ 6. ba> 

6. What shculd the absolute accuracy of each mobility determination be? 

I k 
7. What is the minimum mobility difference the AAEF should be able to resolve? 

c r  N L? 

8. How rapidly, and a t  what intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 

S y c d  oT R,-,nsurcamer~L i s  not .:cr:; c r i t i ~ * : t i  - 10-i> minutes i s  s u f f i c i r n t l y  f 2 b i . .  

M?in l?~r , i%.i t ion i r  not s::nc? of ~n; l l ys is ,  but number OF s~ec imens  ava i lab le .  
9 .  Over what temperature rarge should the AAEF be capable of operating? 

PAGE IS 
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10. Over what range of pH and ionic strength would you l i k e  t o  operate? 

11. Are there any unusual l imitat ions on the types of materials t o  which your 
samples can be exposed during electrophoresis? 

12. Would you rather  have an apparatus tha t  produced rapid ( 1  per minute) but 
approximate ( 2  5%) mobility spectra o r  one tha t  was slower (3.5 minutes per 
determination) but more accurate ( 2  0.1%)? 

?,s uperified sboi-e speed is of no par t icular  consequence- no one can prepare t h a t  
mr:ny-,iifferent c e l l  specimens es the  appsrotus w i l l  be able t o  process even a t  
15 min,'sample. Accuracy, en the  other hand, i s  of paramount importance. 

13. Do you have any other requirements tha t  should be considered i n  providing 
specif icat ions f o r  the  AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any addit ional  comments? 

Ti.;e detreloment 0 , '  112W is  highly desireable, provided it can give r e a l l y  

sccurnte data i n  terns of actual  mobility d is t r ibut ion of individual ce l l s ,  

?ounted one by one. Aver=gcl mobility data, o r  ?data giving only indi rec t  

in l 'om~tion on ~ , o b i l i t y  a s  a function of scat tering,  o r  other c e l l  functions 

( c ? v r m p t  mobil-ity) are ot nore limited usefulness. I must reemphasize t h a t  

zpccd of e3ch me::suremcnt is much l e s s  i m ~ o r t a n t  than accuracy of data. 

Veterans A*. Hospital 
Tucson. Az. 

Name and address 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Please provide the values f o r  the  parameters given below which would bes t  s u i t  
your applicatione, Any comments o r  addi t iona l  requirements a r e  welcomed; please 
include them i n  response t o  question 13. 

1, What is the smallest t o t a l  sample s i z e  (number of c e l l s )  t h a t  you would wish 
t o  examine? - 

2. How many individual  c e l l  rrtobility determinations would be required i n  any 
one suspending medium t o  e lec t rophore t ica l ly  charac te r ize  the  most complex 
population with which you would l i k e  t o  deal?  

3. What a r e  t he  diameters of t he  l a r g e s t  and smallest  p a r t i c l e s  you would l i k e  
t o  examine e lec t rophore t ica l ly?  

4. What s t a t i s t i c a l  parameters should be provided by the  AAEF t o  adequately 
descr ibe the  mobili ty d i s t r i bu t ion  of your c e l l  populations? 

5. What a r e  t he  highest  and lowest absolute mobili ty values you would wish t o  
measure? 

6 .  What should the  absolute  accuracy of e3c.h mobili ty determination be? 

7. What is  the  minimum mobility d i f fe rence  the  AAEF should be able  t o  resolve? 

8. How rapidly,  and a t  what i n t e rva l s ,  should the  e l e c ~ r o p h o r e t i c  character iza-  . I 
t i o n  described i n  question 2 be carr40d out? Is speed of measurement 
important t o  you? - .  

. . 9. Over what temperature range should the  AAEF be capable of operating? 



10. Over what range of pH and ionic s trength would you l ike  t o  operate? 

11. Are there any unusual l imitat ions on the types of materiala t o  which your 
samples can be exposed during electrophoresis? 

12. Would you ra ther  have an apparatus tha t  produced rapid ( 1  per minute) but 
approximate ( 2  5X)  mobility spectra or  one tha t  was slower (15 minutes per 
determination) but more accurate (2  0. I%)?  

13. Do you have any other requirements tha t  should be considered i n  providing 
specif icat ions f o r  tho AAEF? Do you think the development of such an 
instrument is  worthwhile? Do you have any addit ional  comments? . 

Name and addre'ss 
Q. '- 



J A D A V P U R  U N I V E R S I T Y  
CALCUTTA-70003% INDIA 
N I y l  4&wI(l@rw3 l l ~  ~ l ~ m / l u , < h ~ r n  

To r 
Dr. Dm E. Brooks, 
Ikpartment o f  Wumlogy, 
University Oregon, 
Health Sciences Centru, 
Portland, 
Oregon 97201. 

Dear Dr. Bmoks, 

Thanks for your letter of November 24, addmssed to 
Dr.  S. N. Wadhyay i n  which p u  have S W n  interest i n  our 
works and experience i n  Cell Electrophor+sis. Since Dr,wadh)ny 
l e f t  Calcutta a f t e r  f inishing his Ph.D. i n  1971, f am r r i t i n g  
the reply for your enquiry i n  the  attached S W t S .  

I s h a l l  be glad t o  mceive t h e  results o f  your m e a r c h  
on the  microelectrophoretic study i n  space which w i l l  be a very 
in teres t ing  proposal, I believe. 

With regards, 

Sincerely yourn, 

.Q\c- ' ? L L . w A L  o.*-q 
(D .' K . Chattora J) 

ORIGINAL PAGE IS 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

1 0  Please provide the values for the parameters given below which would beet euit 
your applicationr. Any c-ente or additional requirements are mlctnnad; please 

f include them in response to question 13, 

. f  1. What is the smallest total sample size (number of cells) that yott would wish 
to examine? : 1 - I 

t 4 .  
< ' 
i 

! 2. How many individual cell mability determinations would be required in any ; 
i f '  $ 
i ! one suspending medium to electrophoretically characterize the most complex i : 

population with which you would like to deal?. 

\ .  

3. What are the diameters of the largest and smallest particles you would like < ,  

to examine electrophoretically? , . 
i 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

i i. 5 .  What are the highest and lowest absolute mobility values you would wish to 
measure? 

' i  6. What should the absolute accuracy of each mobility determination be? 
I 

; I: 7. What is the minimum mobility difference the AAEF should be able to resolve? 

, 6 2 LA /@CL/V.U./-. 
i [ '  w 

r 1 8. How rapidly, and at what intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 

i { important to you? 



10. Over what range of pH and ionic s trength would you l i k e  t o  operate? 

11. Are there any unusual l imitat ions on the types of materials t o  which your 
samples can be exposed during electrophoresis? 

12. Would you rather  have an apparatus tha t  produced rapid (1 per minute) but 
approxinate (-+ 5%) mobility spectra o r  one that  was slower (15 minutes per 
determination) but -re accurate ( 2  0.1%)? 

13. Do you have any other requirements tha t  should be considered i n  providing 
specif icat ions f o r  the AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any additional comments? 

' -. 
. L l f 1  1-RI+ LC.P Q-1- C-  59 

a ~ d  V * U C L s - L  t - c  Lcb.3 ~".*A" b 5 - g ,  1 L L w -  
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 

ELECTROPHORESIS FACILITY 

Please provide the values f o r  the parameters given below which would bes t  s u i t  

your appl icat ions.  Any comments o r  addi t iona l  requirements a r e  welcomed ; please 

include them i n  response t o  question 1 3 .  

I - What i s  the smallest  t o t a l  sample s i z e  (number of c e l l s )  t ha t  you would 
wish t o  examine ? 

6 
We would be s a t i s f i e d  i f  I0 c e l l s  could provide I00 determinations. 

2 - How many individual  c e l l  mobili ty determinations would be required i n  any 
one suspending medium t o  e lec t rophore t ica l ly  charac te r ize  the most complex 
population with which you would l i k e  t o  deal  ? 

5 0 0  determinations. 

3 - What a r e  the diameters of the la rges t  and smallest  p a r t i c l e s  you would l i k e  
t o  examine e lec  t rophore t ica l ly  ? 

5 and 2 0 .  m Y 
4 - What s t a t i s t i c a l  parameters should be provided by the AAEF t o  adequately 

describe the mobility d i s t r i bu t ion  of your c e l l  populations ? 

A mobility d i s t r i bu t ion  i n  the form of an histogram a s  a function 
of c e l l  frequency f o r  each mobili ty c l a s s .  

5 - What a r e  the highest  and lowest absolute mobili ty values you would wish 
t o  measure ? 

6 - What should the absolute accuracy of each mobili ty determination be ? 

2 percent 

7 - What i s  the minimum mobility difference the AAEF should be ab le  t o  resolve ? 

8 - How rapidly,  and a t  what i n t e rva l s ,  should the e lec t rophore t ic  character iza-  
t ion described i n  question 2 be car r ied  out  ? Is speed of measurement 
important to  you ? 

The speed i s  not  very important ; i f  possible 3 0  minutes with a 
a small i n t e rva l .  



9 - Over what temperature range should the  AAEF be capable  of o p e r a t i n g  ? 

I 0  - Over what range of pH and i o n i c  s t r e n g t h  would you l i k e  t o  opera te  ? 

pH 7 . 2  - 7 . 5  i n  NaCl 0.145 M 

I1 - Are the re  any unusual  l i m i t a t i o n s  on the  types of m a t e r i a l s  t o  which 
your samples can be exposed dur ing e l e c t r o p h o r e s i s  ? 

non-toxic m a t e r i a l  f o r  c e l l  use  

I 2  - Would you r a t p e r  have an apparatus  t h a t  produced rap id  (I  p e r  minute) bu t  
approximate (-  5%) mobi l i ty  s p e c t r a  or+one t h a t  was slower (I5 minutes 
p e r  d e t e r ~ i n a t i o n )  bu t  more accura te  ( -  OBI%)? 

. , 
We would p r e f e r  a slower bu t  more a c c u r a t e  apparatus .  

I3 - Do you have any o t h e r  requirements t h a t  should be considered i n  providing 
s p e c i f i c a t i o n s  of the  AAEF ? Do you th ink  the  development of such an 
instrument i s  worthwhile ? Do you have any a d d i t i o n a l  comments ? 

We a r e  very i n t e r e s t e d  by such an avvara tus .  We have been work inq  . , 
on lymphocyte e l e c t r o p h o r e s i s  f o r  t h r e e  yea r s  now, and have s e v e r a l  
papers t o  be publ ished i n  Biomedicine, J .  Imnslnol. Methods and 
E U ~ O ~ .  J .  of cancer .  
This form was given t o  u s  by Dr SAUVEZIE, which i s  a member of  
our  l abora to ry .  Unfor tunate ly ,  he has been f o r  some time i n  
England, s o  your l e t t e r  w i l l  have a r a t h e r  slow reply .  
Could you w r i t e  us  f o r  any development of t h i s  ques t ion  ? 

D r  CHOLLET - .  
Centre Jean PERRIN 
p lace  Henri Dunant - .  

i J B.P. 392 
* .  

63011 CLERmlNT FERRAND CEDEX 
FRANCE. 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
"'aECTROPHORES IS FACILITY 

Please provide the values f o r  the parameters given below wi~ich would bes t  s u i t  
your appl icat ions.  Any comments or  add i t i ona l  requiramenta a r e  welcomed; p lease  
include them i n  response t o  question 13. 

1. What is the  smallest  t o t a l  sample s i z e  (number of c e l l s )  t ha t  you would wish 
t o  examine? 1 r 

2. How many individual  c e l l  mobil i ty  determinations would be required i n  any 
one suspending medium t o  e lec t rophore t ica l ly  charac te r ize  t he  most complex 
population with which you would l i k e  t o  deal?  

n 

3. What a r e  t h e  diameters of the  l a r g e s t  and smallest  p a r t i c l e s  you would l ike  
t o  examine e lec t rophore t ica l ly?  

4. What s t a t i s t i c a l  parameters should be provided by the AAEF t o  adequately 
descr ibe the  mobil i ty  d i s t r i b u t i o n  of your c e l l  populations? 

5 .  What a r e  t he  h ighes t  and lowest absolute  mobili ty values you would wiah t o  
measure? 

d 6. What should the  absolute  accuracy of each mobil i ty  de t e  net ion be? 

7. What is the  minimum mobility d i f fe rence  the AAEF should be ab le  t o  resolve? 

8. How rapidly,  and a t  what i n t e rva l s ,  should t h e  e lec t rophore t ic  character iza-  
t i o n  described i n  question 2 be car r ied  out? Is speed of measurement 
important t o  you? , 

9.  Over what temperature range should the  AAEF be capable of operating? 



10. Over what range of pH and ionic  s t rength  w u l d  you l i k e  t o  operate? 

I 
11. Are there any unusual l imi t a t ions  on the types of mater iala  t o  which your 

samples can be exposed during electrophoresis?  

12. Would you r a the r  have an apparatus t h a t  produced rapid ( 1  per minute) but  
approximate (f 5%) mobil i ty  spec t ra  o r  one t h a t  was slower (15 minute8 per 
determination) but more accurate  ( 2  0.1%) ? 

13. Do you have any other requirements t h a t  should be considered i n  providing 
spec i f ica t ions  f o r  the  AAEF? Do you thin* the development of such an 
instrument is worthwhile? Do you have any addi t iona l  comments? 

Name and addres8 . . 
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U-Jut I hlrl nr. I I  P.B. 116 
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Dr. D.E.Srooks ' .  Depsrtment o f  Neurology i 1- 
1 UnSversi ty o f  Oregon H e ~ l t h  Science? :enter 

; I -  Port lnnd,  Oregon 97201, SUA 

Deer ur. Brooks, 

Thnnh  you f o r  your l e t t e r  concerning AAEF, which- I received 
in 8 Lecember; 1. i ~ ~ c l u d e  the completed s p e c i f  j.cetion forms end 3 
hope {,hey w i l l  ret3ch you till 19 December. 

My best wi shes  f o r  the r e ~ l j s a t i o n  o f  very good AAEF 

ORIGINAE PAGE I8 
OF POOR QUALITY 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANA'YYTICAL 
ELECTROPHORESIS FACILITY 

Please provide the values f o r  the  parameters given below which would beet  s u i t  
your applications.  Any comments or  addi t iona l  requirements a r c  welcomed; please 
include them i n  response t o  question 13. 

1. What is the smalleet t o t a l  sample s i z e  (number of c e l l s )  t h a t  you would wish 
t o  examine? 

Mitochondrie : 1 m g / m l ;  d e l l s :  30/ml 

2. How many individual  c e l l  mobil i ty  determinations would be required i n  any 
one suspending medium t o  e lec t rophore t iea l ly  charac te r ize  t he  most complex ! 

population with which you would l i k e  t o  deal? . . 
20 tjrnings i n  both d i i l e s t i ons  f o r  one s ~ m p l e .  

3. What a r e  t he  diameters of the  l a r g e s t  and smallest p a r t i c l e s  you would l i k e  
t o  examine e lec t rophore t ica l ly?  

?ells: 2 0 / ~  ; Nucleus: 4-6p ; Mitochondria: 0.5-'JJL- ; Lysosomes:O.25-0, 

4. What s t a t i s t i c a l  parameters should be provided by the  AAEF t o  adequately 
descr ibe the  m ~ b i l i t y  d i s t r i bu t ion  of your c e l l  populations? 

U=mohjl i ty  ; --.Pverlsge n e t  sur fnce  chnrge denai  t y ;  N=nr, elementary 

chr rges per  squsre /k l 

/ 

5 .  What a r e  the  highest  and lowest absolute  mobili ty values you would wish t o  
measure? 

- -- - - - - - 

6 .  What should the  absolute accuracy of each mobil i ty  determination be7 

7. What is  the  minimum mobility d i f fe rence  the AAEF snould be ab le  t o  resolve? 

8. Hav rapidly,  and a t  what i n t e rva l s ,  should the  e lec t rophore t ic  character ize-  
t i on  described i n  question 2 be car r ied  out? Is epeed of ueaeurement 
important t o  you? 

Yes, f o r  c e l l s  which sedinent quickly  i n  usuc,l cond i t i ons  
-- -- - - - 

9. Over what temperature range should the  AAEF be capable of aperating7 



10. Over what range of pH and ion ic  s t rength  would you l i k e  t o  operrbe? 

p1i: 6 - C . 5 ;  i o q i c  s t r e n g t h :  O.C5 - 0.005 

11. Are there any unusual l imi t a t ions  on the types of mater ial9 t o  which your 
samples can be exposed during electrophoresis?  

12. Would you r a the r  have an apparatus t h a t  produced rapid ( 1  per  minute) but  
approximate (f 5%) mobil i ty  spec t ra  o r  one t h a t  was alower (15 minutes per 
determination) but more accurate (2 O.lX)? 

13. Do you have any other  requirements t h a t  should be conaidered i n  providing 
spec i f i ca t ions  f o r  the  AAEF? Do you think the developnent of such an 
instrument i e  worthwhile? Do you have any addi t iona l  connnents? 

p )  ~tesponse t o  12:  i f  se Airnent.4 t icn does not i n t e r f e r e  (zero gravi ty 

c o n $ ~ i  t i o n s )  t h e  rtlore oc:urPte nppnratua is prefered; otherwise, f o r  
eel-1s which s e ~ j n e n t  very q u i c ~ l y  (f.j. tumor a a c i t e s  c e l l s )  e r e p i d  
c i e t e r m j n ~ t i o n  5s to be chosen t o  ensure c e l l  s t a b i l i t y  e t  the s t e -  
t ionqry  l e v e l .  

b). 4AEF - msy h e l p  i n  e ~ r l y  detection o f  membrane systems a l t e r a t i o n o  
which cnn posa j b l y  ~ c t  na i m p o r t ~ n t  p ~ t h o g e n e t i c  f ac to r s .  

c). 2o11ld i t  he  po.ssible t o  vjaunl ize the e lec t rophore t jc  behaviour 
o f  s u h c e l i u l s r  n n r t  i c l e s  (nuc leus ,  mitochondris, lysoeomes) wi th in  
thc cc-117 

D r .  Gabriele Dineecu - Romnlo 
- - 

Name and addresa 
INSTITUTUL OLJCOLOGl CT Dept . Immuno- 
logy ~ n d  Uiochemistry of h n c e r ,  
B-dul  1 Mei Nr. 11, POB 5916, 
Bucureg t i-12, ROMANIA 

7 7 



OPERATING SPECIFICATIONS FOR AN AUTOMATED MALYTICAL 
ELECTROPHORESIS FACILITY 

Pleare p r w i d e  the values f o r  the  parameters &;"an below which would bes t  s u i t  
your applications.  Any comments or  addi t iona l  requirements a r e  welcomed; p l ea re  
include them i n  rerponre t o  question 13. 

1. What is the tn:allevt t o t a l  ecrmple s i z e  (number of c e l l s )  tha t  you would wish 
t o  examine? 

2. How many individual  c e l l  mobili ty de teminat ions  would be required i n  any 
one suspending medium t o  e lec t rophore t ica l ly  character ize the  c a s t  comp!e.x 
population with which you would l i k e  t o  deal? 

3. What a r e  t he  diameters of t he  l a r g e s t  and smallest  p a r t i c l e s  you would l i k e  
t o  examine e lec t rophore t ica l ly?  

4. What s t a t i s t i c a l  parameters should be provided by the AAEF t o  adequately 
descr ibe the  mobil i ty  d i s t r i bu t ion  of your c e l l  populaticms? 

5. What a r e  the  highest  and lowest absolute  mobili ty values you ~ o u l d  wish t o  
measure? 

6. What should the  absolute  accuracy of each mobil i ty  determination be? 

7. What is  the  minimum a ~ o b i l i t y  d i f fe rence  the AAEF s h o ~ l d  be ab le  t o  resolve? 

9- 
8. How rapidly,  and a t  what i n t e rva l s ,  should the  e lec t rophore t ic  character iza-  

t i o n  described i n  question 2 be car r ied  out? Is q t e d  of measuresent 
important t o  you? 

E +  f & I/.> . . 
/'eci cERk. 

9. Over what temperature range should the  AAEF be capable of operating? 
f-+,~i), . 



Over what range of pH and ionic s trength would you l i k e  t o  operate? 

Are there any unusual l imitat ions on the types of materials t o  which your 
samples can be exposed d u r i w  electrophoresis? 

Would you ra ther  ha*.? an apparatus tha t  produced rapid (1 per minute) bat  
approximate (2 5%) mobility spectra o r  one tha t  was slower (15 minutes per 
determination) but more accurate (2  O.lX)? 

Do you have any other requirements tha t  should be considered i n  providing 
specif icat ions fo r  the AAEF? Do you think the development of such an 
instrument is mrthwhile? Do you have any addit ional  com~~ents? 

- 

A 1/&b~&,.rY 1&=f-fHf*rr~*7 C f l  &&tla*kQq j 

Rfc+Owch ~ ~ ~ W Z M Y  ceri(tx~ 
i r 

COOK I,)- r(C, T~,I;QL .: 

Name and address 



Piateau de Brabois 
54500 VANDCEUVRE L ~ S  NANCY 

(FRANCE) 

TEL. 53.52.91 
a 

Vuldacuvre, I& December 10, 1975 

Doctor D .E. BROOKS 

Department of  Neurology 

University o f  Oregon Her!th 

Science Center 

PORTLAND, OREGON 97201 

U.S.A. 

Dear Doctor Brooks, 

Your name was given to me by my colleague F. DUMONT in  

connection with your inquiry about the performances of a ful ly automatic 

analytical cel l  electrophoresis apparatus. From my point of view, the 

display of an automatic apparatus i s  of crucial importance- I think a lot 

of hospitals w i l l  be interested in this techr.ique i f  NASA brings out an 

automatic eauipment. Furtnermore, i t  w;ll be useful for workers who 

9tudv var onrof c e l l , .  . . 
iat i  

Using this technique for two years, I take the liberty of answering 

your questionaire . 
Yours faithfully 

Mrs Mirei l le DONNER 

Chargee de Recherche I .N .S.E.R.M. 



OPERATING SPECIFICATIONS FOR AN AUlOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

; II Please provide the  values f o r  the  parameters given below which would best  s u i t  
your applicatione. Any colPlPents or addit ional  requirements a r e  welcomed; p l e m r  
include them i n  reaponse t o  question 13. i : 
1. What is the smallest t o t a l  sample s i z e  (number of ce l l s )  tha t  you would wish 

t o  examine? 50 cells 
s 

i 
1 , , 
. , 

2. How many individual c e l l  mobility determinations would be required i n  any 
- ,  - .  one suspending medium t o  electrophoret ical ly characterize the  most complex 

population with which you would l i k e  t o  deal? 

! ; 500 cells 

: i .  
3. What a r e  the  diameters of the  l a rges t  and smallest pa r t i c l e s  you would like 

5 .  

1 i  t o  examine electrophoret ical ly? 

i .  4 microns - 20 microns 

I 

f 4. #at s t a t i s t i c a l  parameters should be provided by the  AAEF t o  adequately 
_ . .  describe the  mobility d is t r ibut ion  of your c e l l  populations? 

. - 
. . Deviation standard or standard error 

i 

-- 

5.  What a r e  the highest and lowest absolute mobility values you would wish t o  

i 
measure? 
They are  dependent on the ionic strength of suspending medium. With a 0.145 

i .  ionic strength medium, these w lues a re  a b o u t 0  .do - -2.0 micron/sec/V .cm 

6. What should the  absolute accuracy of each mobility determination be? 
. . 

2% 
i ' 

1 .  
7. What is the  minimum mobility difference the AAEF should be able t o  resolve? 

. ? 

8. How rapidly, and a t  what in tervals ,  should the  electrophoret ic  characteriza- 
t ion  described i n  question 2 be carr ied out? Is speed of measurement 

i : important t o  you? 
1 .  50 cells should be scored u:iil.in 

- 

9 .  Over what temperature rcnge should the AAEF be capable of operating? 



10. Over what range of pH and ion ic  strength would you l i k e  t o  operate? 

11. Are there any unusual l im i ta t ions  on the types of materials t o  which your 
samples can be exposed during electrophoresis? 

Plastic materia I s  should be prohibited 

12. Would you rather have an apparatus that  produced rap id  (1 per minute) but  
approximate ( 5  5%) mob i l i t y  spectra o r  one that  was slower (15 minutes per 
determination) but  more accurate ( 2  0.1%)? 

The apparatus should al low these both possibilities. 

13. Do you have any other requirements that  should be considered i n  providing 
specif icat ions for  the AAEF? Do you think the development o f  such an 
instrument i s  worthwhile? Do you have any addi t ional  comments? 

a) I t  i s  d i f f i cu l t  to indicate the range of ionic strength o f  media. I t  i s  dependent 

on the voltage used i n  the apparatus. I f  Nasa develops an apparatus which 

measures speed o f  cells by  laser Doppler spectroscopy, i t  is l i ke ly  that media 

wi th a weak ion ic  strength (c 0,005) w i l l  have to be used. Otherwise, i t  

would be better to use physiological ionic strength (c 0,15). 

b) I t  would be very interesting to have mobil i ty spectra on an oscilloscope or 

an external recorder. For other applications, the display of the electrophoretic . . 

mobi l i ty  for each ce l l  would be necessary. 

Mme Mi re i l l e  DONNER 

U 95 - INSERM - - .  

Plateau de Brabois * A  

Name and address * .  

54500 - Vandoeuvre les Nancy ( France) . , , 



OPERATING SPECIFICATIONS FOR AN AUTOHATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Please provide the values for the parameters given below which would beet suit 
your applications. Any comments or additional requirements are mlcomed; please 
include them in reeponse to question 13. 

1. What is the smallest total sample size (number of cellu) that you would wish 
to examine? 4 

10 cells 

2, How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretically characterize the most complex 
population with which you would like to deal? 

3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretically? 

4. What statistical parameters should be provided,by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

-1 v-l 
Histonram showing numbers of cells grouped together in 0.1 p sec 

differences. 

5 .  What are the highest and lowest absolute mobility values you would wish to 
measure? at ionic strength p = 0.15, 

-1 -1 
0.50 - 2.00 p sec V cm 

6.  What should the absolute accuracy of each mobility determination be? 

7. What is the minimum mobility difference the AAEF should be able to resolve? 

8. How rapidly, and at what intervals, should ti-e electrophoretic character5za- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 

Manually. = 2 hours per 300 readings. Only so as not to result in deterioration 
of the sample. 

9 .  Over what temperature range ahould the AAEF be capable of operat?ng? 



10. Over what ran&e of pH and ion i c  s t rength  would you l i k e  t o  operate? 

pH 6.0 - pH 8.0; p = 0.15 - 0.01 

11. Are there  any unusual l im i t a t i ons  on the  types of mater ia l s  t o  which your 
samples can be exposed during electrophoresis?  

non-Dmogenic c e l l  c u l t u ~ e  handling techniques* 

12. Would you r a the r  have an apparatus t h a t  produced rap id  (1 per  minute) bu t  
approximate (f 5%) mobil i ty  spec t r a  o r  one t h a t  was slower (15 minutes per 
determination) but  more accurate  (f 0.1%)? 

but  more accurate  apparatus would be preferable* - 
13. DO you have any other  requirements t h a t  should be considered i n  providing 

spec i f i ca t i ons  f o r  t he  MEF? Do you think the  development of such an 
instrument i s  worthwhile? Do you have any add i t i ona l  comments? 

ch readings by t r a d i t i o n a l  apparatus 

D r .  Richard M. Fike 
D r .  Care1 J. van O s s  

Department of Microbiology 
School of Medicine 
S t a t e  University of New York 

at. Buffalo 
Buffalo,  N.Y. 14214 

Name and addresa 



'i 
DEPARTMENT OF BIOCHEMISTRV 

ALL INDIA INSTITUTE OF MEDICAL SCIENCES ,t M,,, 

NEW DELWI.1@ tnBlr 

j 

Dr. D.E. R r o o k s ,  

nepartment of N e u r o l o a y ,  

U n i v e r s i t y  o f  Oregon H e a l t h  F c i e n c e  C e n t e x ,  

P o r t l a n d ,  Oreqon 97201, 

U . S . * .  

15 th  J a n u a r y ,  1976, 

Dear D r .  B rooks ,  
E n c l o s e d ,  p l e a s e  f i n d f h e  s p e c i f i c a k i o n  form f o r  

the Automat ic  A n a l y t i c a l  E l e c t r o p h o r e s i s  d u l y  f i l l e d  by S.N.S. 

Han jan .  U n f o r t u n a t e l y  due  t o  h i s  p r e o c a u p e t i o n  he c o u l d  n o t  

c o m p l e t e  t t  - fo rm e a r l i e r ,  b u t  he  h o p e s  t h a t  t h i s  i n f o r m a t i o n  

w i l l  h e l p  kou  a c q u a i n t  w i t h  t h e  n e e d s  o f  o u r  d e p a r t m e n t .  P l e a s e  

l e t  u s  k n o ~  i f  you need  any o t h e r  i n f o r m a t i o n ,  

With  b e s t  w i s h e s .  

Yourm s i n c e r e l y ,  

($?dira, Noth,,t$D) 

Asst. P r o f e s s o r ,  

Dept. o f  Biocham, 



OPERATIKG SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Please provide the values f o r  the parameters given below which would bes t  s u i t  
your applications.  Any comments or addi t iona l  requirements a r e  welcomed; please 

I 
. 2  

include them i n  response t o  question 13. 
, I  

. a  ' e 

: j 
."'! . , 

1. What is the  smallest  t o t a l  sample s i z e  (number of c e l l s )  t ha t  you would wish 
t o  examine? 

106, 0 0 0  - 
Kow many individual  c e l l  mobili ty determinations would be required i n  any 
one suspending medium t o  e lec t rophore t ica l ly  charac te r ize  the  most complex 
population with which you would l i k e  t o  deal?  

What a r e  t h e  diameters of the  l a rges t  and smallest  p a r t i c l e s  you would l i k e  
t o  examine e lec t rophore t ica l ly?  

What s t a t i s t i c a l  parameters should be provided by the AAEF t o  adequately 
descr ibe the  mobili ty d i s t r i bu t ion  of your c e l l  populations? 

measure? 

What should the  absolute  accuracy of each mobil i ty  determination be? 

What i s  the  minimum mobility difference the AAEF should be ab le  t o  resolve? 

8. How rapidly,  and a t  what i n t e rva l s ,  should the  e lec t rophore t ic  character iza-  
7' 

t i o n  described i n  question 2 be car r ied  out?  Is speed of measurement 
important t o  you? 

9. Over what temperature range should the  AAEF be capable of operating? 



10. Over what rarge of pH and ionic s trength would you l i k e  t o  operate? 

11. Are there any unusual l imitat ions on the types of material8 t o  which your 
samples can be exposed during electrophoresis? 

U .  

2. m &%- .vA. :7:-:*y, q - g q b p  , ? z v m ~ - : :  * A  - - -. 
would you ra ther  have an a-ced rapid (1  per mlmte) but 
approximate (2 5%) mobility spectra o r  one tha t  was slower (15 minutes mr 
determination) but more accurate (k 0.1%) 1 

13. Do you have any other requirements tha t  should be considered i n  providing 
specif icat ions f o r  the  AAEF? Do you think the development of such an 
instrument is  worthwhile? Do you have any addit ional  colllmmte? 

V 

CULL- 6 my- 

* i 9 p 4 b d. 
&4*# 

/ #  

J 

L 

U 

Name and address 





OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

; 1 
> b 

Pleaee provide the values f o r  the  parameters given b e l w  which would best  s u i t  
t pour applicationr. Any comments or addit ional  requiremente a r e  tmlcomed; pleare 

.$ J: include them i n  raaponee t o  question 13, 
f I* 
1 1. What i s  the smallest t o t a l  sample s i z e  (number of c e l l r )  tha t  you would wish 

t o  examine? : I: 
How many individual c e l l  mobility determinations would be required i n  any 
one suspending medium t o  electrophoret ical ly characterize the  moat ccmplex 
population with which you would l i k e  t o  deal? 

What a r e  the  diameters of the  l a rges t  and smallest par t ic lee  you would l ike  
t o  examine electrophoret ical ly? 

What s t a t  is t i c a l  parameters should be provided by the  AAEF t o  adequately 
describe the mobility d is t r ibut ion  of your c e l l  populations? 

What a r e  the  highest and lowest absolute mobility valucs you w u l d  wish t o  
measure? 

What should the  absolute accuracy of each mobility determination be? 

What is  the minimum mobility difference the AAEF should be able t o  reeolve? 

How rapidly, and a t  what in tervals ,  should the  electrophoret ic  characteriza- 
t ion  described i n  question 2 be carried out? I e  epeed o i  measurement 
important t o  you? 

) b*r b- .. (b))cbl*l4&- 6) 4 k b  rc*l$c* 
v v 

Over what temperature range should the AAEF be capable of operating? 
I 
t .- 



ORIGINAL PAGE I.8 
OF POOR QU- 

10. Over what range of pH and ion ic  s t rength  would you l i k e  t o  operate? . . 

11. Arc there  any unusual l im i t a t i ons  on the  types of mater ia l s  t o  which your 
samples can be exposed during electrophoresis?  

h&# uli; -%k r , ) r l r ~ C I U I S ~ G ( ~ ~ r ) . ,  I 'I' r . -&, 

12. Would you r a t h e r  have an apparattis t h a t  produced rapid (1  per minute) but 
approx'mate (f 5%) mokil i ty  spec t ra  o r  one t ha t  was slower (15 minutes per 
determination) but more accurate  (4 0.1%) ? 

s-clnrucw~nr~hw -- 

1 Do you have any other  requirements t h a t  should be considered i n  providing 
spec i f ica t ions  f o r  t he  AAEF? Do you think the development of such an 
instrument is  worthwhile? '30 you have any addi t iona l  comments? 

Name and address 

- . 
{, 

- .  

9 0 -. 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Pleaee provide the values f o r  the  parameters given below which would beat a u i t  
your app!.icationr. Any cuuuentr or addit ional  requirement. are welcomed; pleara 
include them i n  rerponae t o  quertion 13. 

1. What is the smallest t o t a l  sample s i z e  (number of c e l l s )  that  you would winh 
t o  examine? 

2. How rmny individual c e l l  mobility determinations would be reeuired i n  any 
one suspending medium t o  electrophoret ical ly characterize the  moot complex 
population with which you would l i k e  t o  deal? 

3. What a re  the  diameters of the la rges t  and ml les t  par t ic lea  you would lib 
t o  examine electrophoret ical ly? 

4 .  What s t a t i s t i c a l  parameters should be provided by the AAEF t o  sdequately 
describe the  mobility d is t r ibut ion  of your c e l l  popula tionn? 

5 .  W l ~ t  a r e  the  highest and lowest abb9lute mobility values you w u l d  wish t o  
measure? 

6. *.at should the absolute accuracy of each mobility determination be? 

7. What is the  minimum mobility di.fference the AAEF should be able t o  resolve? 

o*w . 

8. How rapidly, and a t  what in tervals ,  should the  electrophoret ic  charactariza- 
t ion  described i n  question 2 be carr ied out? I8 speed of mearurement 
important t o  you? 

No 
- - - - 

9 .  Over w h a t  temperature range rhould the AAEF be capable of opera zing? 



10. Over what range of pH and ionic  s t rength  would you l i k e  t o  operate? 

11. Are there any unusual l imi ta t ions  on the types of mater ia i s  t o  which your 
samples can be exposed during electrophoresir?  

' 8 

12. Would you r a the r  have an apparatus t h a t  produced rapid (1 per minute) but  
approximate (t 5%) mobil i ty  spec t ra  o r  one t h a t  was slower (15 minutes per 
determination) but more accurate (+ 0.1%) ? 

13. Do you have any other  requirements t h a t  should be considered i n  providiry 
spec i f ica t ione  f o r  t he  AAEF? Do you think the development of ~ u c h  an 
inetrumeut i s  worthwhile? Do you have any aad i t i ona l  comments? 

ORIGINAL PAGE I8 
OF POOR QUUm 

-- 
Name and azress 



OPEBATING SPECIFICATIONS FOIl AW AummTW ANALYTICAL 
1SLBClgrPmIS FACILITY 

r- tw provid. the viluea fo r  the p u m t e r s  given below which vould b u t  oui t  
lout applicationm. Any comentr or cddithml requlr tr  u e  tmlcoud; p l e u e  
r',t,.de tham i n  raopotw to que8tioa l3. 

1. What is :. a i l 1 6  ii t o t a l  curple she  (nuber  of cel ls)  that you would wieh 

2, Bou aany irdividual -11 mobility de temimt iaas  would be required in any 
one suspeadbg medium to  electruphoretically characteriae the moat complex 
popd z t i m  v i t h  which you would lilre to  dealt 

3. What a re  the dirrseters of the lugest and d l e s t  par t ic les  you would l ike  
to  examine electrophoretically0 

4. What s t a t i s t i c a l  parameters should be provided by the M E F  t o  adequately 
describe the mobility distr ibution of your cell populations? 

5. What a re  the highest and lowest absolute m b i l i t y  values you would wish t o  
measure? 

6. What should the absolute accuracy of each mobility determination be? 

7. What is the aininrn mobility difference the MEP should be able t o  resolve? 

u 
8. How rapidly, and rt what intervals, should the electrophoretic characterisa- 

u t ion described i n  question 2 be carried out? Is opted of measurement 
h p o r  tant  t o  you? 

0 9. Over what temperature range should the MEF be capable of operating? 



10. OPar w h . t  range of pH and ionic strength would you l i ke  t o  operate? 

a .  

11. Are there any unusual limitations on the tpIies of prteri.18 t o  which your 
i t  m l e s  cm be e x p o d  during electrophoresis? 

12. Would you rather have an apparatus that  produced rapid (1 per miaatte) but 
approximate (2 5%) m b i l i t y  spectra o r  m e  that  wae slower (15 rinutes per 
determination) but pore accurate (2 O.l%)? 

13. Do you have any other requirements that  should be considered i n  prowiding 
specifications for  the AAEF? Do you think the development of such an 
instrument is ~ r t h w h i l e ?  Do you have any additional caaen ts?  

b. 3 .i;. / 5 N ,,rf->t~ U L C , ~ ~  ;fi J>L 
pr: l .k:.a.c. 

..+ . AB;. .~* !? .  E-.tb I .  . A A-.c 
, ,  , f f;. L: . .., 

i p r  I r t -  ; : '  

Name and address .- 



Pbamaeeutical Weatma Lab0ratorl.e 
DEPAR7WENT Of PHARMACY 

hlNEW€LLS HOSPITAL 

DUNDEE 003 lI18 

TiJ. ###aOllt 

D r D E B r o o k s  
Department of Ieurologp 
University of Oregon Hsalth 

Sciences Center 
WBmhlPD 
Oregon 97201 
USA 

Dear Dr Brooks 

Thank you for your letter of 24 IIommbr to our reesarch 
student Hr Donald. 

We have discussed your questionnaire with Dr Hutchinaan 
and have pleasure i n  enclosing our replies. 

Yours sincerely 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPBORESIS FACILITY 

Please provide the values fo r  the parameters given below which would best  s u i t  
your applicationr. Any caments or additional requirements are welcasd; please 
include them i n  re6ponse to question 13. 

1. What i e  the smallest t o t a l  sample s ize  (number of ce l l s )  that  you would wish 
t o  examine? 

50 

Eow many individual c e l l  mobility determinations would be required i n  any 
one suspendiag medium to  electrophoretically characterize the most coaplex 
population with which you would l i ke  t o  deal? 

What are  the diclmeters of the largest  and smallest part icles you would lib 
t o  examine electrophoretically? 

What s t a t i s t i c a l  parameters should be provided by the AAEF to adequately 
describe the mobility distr ibution of your c e l l  populations? 

Hodality i.e. Hi8togX'aUI. 

+ Mean - SD of each mode. 

5.  What are  the highest and lowest absolute mobility values you would wish t o  
measure? 0.6 x loo4 ao2 sac -1 (5.6 S~CS)  

2.4 x cn2 vw1 see 
-1 

(1.4 secs) 

6. What should the absolute accuracy of 
+ Mean - 0.03 x 

i.e. = 

7, What is  the minimum mobility difference the AAEF should be able t o  resolve? 

8. How rapidly, and a t  what intervals,  should the electrophoretic characteriza- 
t ion described i n  question 2 be carried out? Is speed of measurement 
important to you? 

- ,  
% .  . , 

3. 30 min. Preferabls 15 min. Yes. 

. , 
I 

f 9. Over what temperature range should the AAEF be capable of operating? 



10. Over w h t  raoge of pH and ionic stre-th w t l d  you l l ke  to  operate? 

11. Are there my unu8ual limltationa on the types of u te r ia le  to  which p u t  
eaaples can be exposed dulring electrophoresi~? 

12. Would you rather have an apparatus that  produced rapid (1 per minute) but 
approximate (f 5%) mobility spectra o r  one that  was slower (15 minutee per 
determination) but more accurate (k 0.1%)? 

U 
13. DO you have any other requirements that  should be considered i n  p r w i d i q  

C 
epecificatione for  the MEF? Do you think the development of such an 
instrument is worthwhile? Do yau have any additional comentr? 

Possibil i ty of video recordiag. 
Histogram displa~r. 
Use of the i~lr r tnuent  as a mano of ueparating 
c e l l  populatione. 

Dr T M CIacLeod 
Pharmaceutical Soiences Laboratories 
Hinewells Homital 

DUElEE, Scotland. 

8 December 1975. 

btom .ad addresr 



DEPARTMEhi OF PATHOLOGY 

The Memorial Hospital 
Pawtucket, Rhode Island 02860 . 401 -722-6000 

R.Q. Mason, M.D., Ph.0. J.W. Jhung, M.D. 

D.E. W o k s 8  Ph.D. 
V q m t m e n r t  06 Newtohgg 
U n i v m &  06 Onegon 
ifeuwz Sciences C e n t a  
Po-, Onegon 97201 

T.S. Micolonghi, M.D. F.P. ~dand, M.0. 
J.T. Kurtis, M.D. J. Kak, Ph.0. 

Although I am a memba 06 t he  USRA c o d e e ,  1 do not a n C U p &  
wnducZhg &cXmpitorretCc expuhen.42 in  space. Nevatke.less, i d  1 
m e t o  genuateneseahch prrojecb in the  6 W e X h a t ~ l t t  b e d  
ou t  .in space, I k g i n e  f i e y  mued invotve deatXapho~esh 06 endo- 
; t h W  ceeeb 04 h o d  peatdets. Fon my own n e d ,  I mu&f h a g h e  an 
&ecstrtopho&es& ap- Xhat meadme ~ ~ p h O R e t i C  mow 
06 emj&r.ocy.te6 and kidney ceaed uwLLed c be adequate don. my 
needs. t .Ct d i d @ u U  to wwstr mo e o m  quebmnb 
you )rave pobed, s h e  1 do no t  have 6 p d W  e x p a d  i n  mind, The 
4 . b ~  but  mite accWtate appcvratcle mued a p p m  d e s k b e e  Xo me, 1 t  
mlLed U&j be d e s h b e e  to be able to m a w  pH ov& a ltange 06 
6 11. 

A BROWN UNIVERSITY 

b 4  , 

1 am a6'lain tht T am not g o b  to be 06 much )la tu you h y o w  
wkk, but t h d  t he  bat 1 can do. 

Coued you orr Gab6 a& me a t u w u e  on f i e  Rank hothehe ate&- 
pfwketic appahatub witCL h a  kt d o w e ?  Ow gmup ulitt ";il U&j t&k tu w e  one 06 ese in the nem 6 W e .  1 undm;tand 
.thaA they  ahe avaieabte om &om Rank and mt be oll(i~hed &om .them 
.in England. IA .thh c o m a ?  
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A C A D E M I S C H  Z I E K E N H U I S  C R O N I N G E N  
NEUROLOCKCHE KLINIEK 1 ELEFOON 050-1 3912% 

December 15, 1975. 
Prof. Dr. J. M. Minderhoud O o c a ~  s )  

Prof. Dr. J. Droogleever Fortuyn 
toestel 2400 

r 1 

Dr. J. P. W. F. Lakke Dr.  D.E. Brooks 

Department of Neurology 

Drs. A. E. 1. de Jager University of Oregon Health Sciences 
taste1 2410 rn 21 7h Center 

Portland, Oregon 97201 J 
POLlKLlNlEK volwaswnen 

Dn. H. Leensfn-Borsje 
toatel 2447 en 2449 

Nieuwe patienten 
r volgens afspraak 

toestel 2447 
I 

Contr6le patienten 
volgens afspnak 
toestel 2446 

KINDERNEUROLOGIE 

R s .  R. le Coultre 

Dm. J. H. Begeer 

Poliklin!ek volgens afspraak 
toestel 2445 

E.E.G.1E.M.C. 

Dr. S. Boonstra 
toestel 2425 en 2428 

Drs. T. W. van Weerden 
toestel 2599 

[ NEURO - RADIOLOCIE 

Drs. J. M. Rodermond 

NEURO - PSYCHOLOGIE 

Dr. 0. G. Deelman 
toestel 240% 

I NEURO BIOCHEMIE 

Dr. A. W. Teelken 
toestel 2647 

U.S.A. - 

Dear Dr .  Brooks , 

In answer t o  your letter of November 24, 1975, about 

the electrophoretic separation of biological materials: 

We worked w i t h  the Zeiss cytopherometer for some time 

i n  Newcastle, but now, about three years afterwards, 

we s w p e d  this research becauae this method proved 

t o  be too d i f f i cu l t  and too canplex fo r  the imunological 

research. So I am sorry to say that  I can not give you 

answers to your question. 

Yours sincerely, 

Prof Dr .  J.M. Minderhoud. \ 



i 

NGI 6HA 

Fmm PROFESSOR 1. R. A. MITCHELL 
Tdephone 46161 (STD 0602) 
Extonslon 544 

Dear Doctor Brooks, 

Thank you f o r  your l e t t e r  about the poss ib i l i t y  o f  developing a machine 
to  provide accurate automated electrophoretic mobi 1 i t y  measurements. & 
m u  would indeed be very interested i n  these develo~ments and tqy co-worker 

Hampton, has completed your questionnaire. He i n  i s  ie ld ,  Doctor J. 1 very interested i n  the outcome o f  your p rogram.  
know tha t  we a r e  i 1 

Yours sincerely , 

J. R. A. Mitchel l ,  
Professor o f  Medi cine . 

Dr. D. E. Brooks, 
Department o f  Neurology , 
Uni versi ty o f  Oregon Health Sciences Centre, 
Portland, 
Oregon 97201 , 
USA. 

I : 
. - 

I-. 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORBSIS FACILITY 

Please provide the values f o r  the parameters given belaw which wauld best  wit 
your applicationr. Any comments or  addit ional  requirrrpante are mlccwad; p l e u e  
include them i n  response to  q w r t i o n  13. 

1. Whet is the saaallest,total sample s i z e  (number of cells! tha t  you would wish 

n t o  examine? f ! ~  4.C - I.LM.-.-Y P *̂W hL 
& % d - - ~ b d  .t L O C , ~ ~  +. L L f 

2. HOW many individual c e l l  mobility detenainatians would be required i n  any 
one suspending medim t o  electrophoretically characterize the most c o q l e x  
population with which you would l i k e  t o  deal? 

3. What a r e  the  diameters of the  l a rges t  and W l e s t  pa r t i c l es  you would lib 
t o  examine electrophoretically? 

4. What b t a t i s t i c a l  parameters should be provided by the AAEF t o  adequately 
describe the  mobility d ie  t r ibut ion of your cell populations? 

5.  What a r e  the highest and lowest absolute mobility values you would wish t o  
measure? 

6. What should the absolute accuracy of each mobility determination be? 

7. What i s  the minimum mobility difference the AAEF should be able t o  resolve? 

3 3 ,  
8. How rapidly, and a t  what in tervals ,  should the  electrophoretic characteritcl- 

t ion  described i n  question 2 be carried out? 11 speed of measurement 
Important t o  you? .) y c 3  , t 

~ C I I ( L  LLLC(~< 2 &, +[ j ~ C W  G I  0 LCCJ 
I 

9. Over w h a t  temperature range should the M E F  be capable of operating? 



10. Over what range of pH and ionic s trength would you l i k e  t o  operate? 

pft 6 - !r 
I 

11. Are there any unusual l imitat ions on the types of materials  t o  which your 
samples can be exposed during electrophoresis? 8 

i I C Y . ~ ( ~ L C + ~ ( ,  b - i u ~ ~ c k ,  9- 

12, Would you ra ther  have an apparatus tha t  produced rapid (1 per minute) but 
approximate (?: 5%)  mobility spectra o r  one tha t  was slower (15 minutes per 
determination) but more accurate (2 0,1X)? 

I j  : 
13. Do you have any other requirements tha t  should be considered in  providing 

specif icat ions f o r  the  AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any addit ional  comments? . 

Name and addrerr 
f l  

.- 
b q ~ %  u I\< 1 : 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Plaaee provide the values f o r  the parameters ~ i v e n  below which would beat r u i t  
Y 
1 your applicationo. Any couunentr or addit ional  requirs~lentr  a r e  welcomed; pleame 

include them i n  rerponse t o  quertion 13. 
t 
J : 
9 

1. What is  the emoflest t o t a l  aample s i z e  (nmaber of c e l l s )  tha t  you would wish 1 
t o  examine? 

2. How many individual c e l l  mobility determinations would be required i n  any 
one suspending medium t o  electrophoret ical ly characterize the  most c m p l u  
population with which you would l i k e  t o  deal? 

3. What a r e  the  diameters of the la rges t  and nmallert pa r t i c l e s  you would l i k e  
t o  examine electrophoret ical ly? 

4. What s t a t i s t i c a l  parametere should be provided by the AAEF t o  adequately B ;  
describe the mobility d is t r ibut ion  of your c e l l  populations? 5 1 

;i s 

0 
140 P O ~ L L ~ T I ~ ~ S  JIT~(  1.s - 20 7, b t ~ e c & c r ; -  4 .  

i 

5 .  What a r e  the highest and lowert absolute mobility valuer  you w u l d  wirh r 9  

measure? 

ZAv7mc7.a WrLu /+ 
.YI)CI..IAI L I R ~  ( g a r  

6. What should the absolute accuracy of each mobility determination be? 

7. What i e  the  minim= mobility difference the AAEF rhould be able t o  rerolve? 

10% ec d r t f & _ ~ ~  
TZZLrry rn.& /a. h& t 8. How rapidly, and a t  what in terval r ,  should the  electrophoret ic  character z r  

t ion  deecribed i n  quertion 2 b r  carr ied out? I6 weed of Pwarurmnt  
important t o  you? 

9 
4 :  
i 

9. Over w h a t  t r p e r a t u r a  r m g a  rbauld the  NS3' be capable of opera t iw? 1 ; 



10. Over'what range of pH and ionic s trength would you l i k e  t o  operrtr?  

t; 7 " T . G  

11. Are there any unusual l imitat ions on the 
samples can be exposed during electrophoresie? 

. i 

12. Would you rather  have an apparatus tha t  produced rapid (1 per minute) but 
approximate (k 5%) mobility spectra o r  one tha t  was slower (15 minuterr per 
determination) but more accurate ( 2  0.1%)? 

13. Do you have any other requirements tha t  should be considered i n  providing 
specification6 f o r  the  AAEF? Do you think the development of euch aa 
instrument is  worthwhile? Do you have any addit ional  col~r~entr? 

John L. Moore 



OPERATING SPECIFICATIONS FOK AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Pleare provide the values f o r  the  parameters given below which would best  s u i t  
your applicationr. Any c r p e n t o  or addit ional  r e q u i r r e n t o  a r e  n l c r r d ;  please 
include them i n  rerponre t o  q w r t i o n  13. 

I 
1. What is  the mmallest t o t a l  ample  r i z e  (number of ce l la)  tha t  you would w i ~ h  

t o  examine? 

2. How many individual c e l l  mobil.ity determinations would be required i n  any 
one suspending medium t o  electrophoret ical ly characterize the  moot complex 
population with which you would l i k e  t o  deal? 

E 3. What a r e  the  d i m e t e r s  of the  l a rges t  and emallemt par t ic lea  you would l ike  

1 t o  examine electrophoretically? 
1 
e 8+,g L l b k ~ .  

4. What s t a t i r t i c a l  parameters should be provided by the  CLAEF t o  adequately 
describe the  mobility d is t r ibut ion  of your cell populationm? 

E 
$1 [ /; 
1 5. What a r e  the highest and lowert absolute mobility valuer you w u l d  wioh t o  
i 
L .- measure? 

l.7 6. What rhould the  absolute accuracy of each mobility determination be? 

I: 7. What i e  the  mininnw nobi l i ty  difference the AAEF should be nble t o  resolve? 

1: 8. How rapidly, and a t  what intarvnlm, should the  electrophoret ic  characteriza- 
t im demcribed i n  question 2 be carr ied out? Is weed of acaourement 

F important t o  you? 
1 .  - 

250  ‘ - / 5 w & ! ~ ~  C I ' 

I 9. Over w h a t  temperature rurge mhould the MEF be capable of opera 



10. Over what r.age of pH and ionic strength would you like t o  operate? 0 / 
7 - Z h H  I L &A - ~ m c d & w  ! 

11. Are there any unusual limitations on the types of materi.18 t o  which your 
.pJJ- I! 1 

samples can be exposed during electrophoresis? 7 - . . 

'J J 
12. Would you rather have an apparatus that  produced rapid (1 per minute) but 

approximate (f 5%) rob i l i t y  spectra o r  one that  was slower (15 minutes per 
determination) but more accurate (+ 0.1%)? 

13. Do you have any other requirements that  should be considered i n  providing 
specifications for  the AAEF? Do you think the developaent of such an 

LI 

instrument is worthwhile? Do you have any additional c m t s ?  [I i 

- & c . OQ d=( A- - df i  J dab -  

0 ~ G ~ A . L  PAGE IS 
Q P o o a ~ U A m y  



OPEUTLHG SPECIFICATIONS FOR AN AUTOUATED ANALYTICAL 
BLECTWPfYlRESIS FACILITY 

' f P l e u e  provide the values fo r  the parameters given below which would best s u i t  
your applications. Any c a r e n t s  or additional r e q u i r t s  are uelcmd; p l e u e  
include them i n  reqmnse t o  question 13. 

1. What is the smalleet t o t a l  ample s ize  (nmber of cells)  that  you would wish 

i t o  examine? 
i 
I 

10' 
1 
i 2. How many individual c e l l  mobility detexminations would be required i n  any 
i 
i 

one suspending medium to  electrophoretically characterize the most corplex 
I po;ulation with which you would l i ke  t o  deal? 

3. What are the d imeters  of the largest  and smallest par t ic les  you would l ike  
iI t o  examine electrophoretically? 

/ 
4. What s t a t i s t i c a l  parameters should be provided by the AAEF t o  adequately 

describe the mobility distribution of your ce l l  populations? 

5. What are  the highest and lowest absolute mobility values you would wish t o  
measure? we/ do.2 2 . 5 y ~ r t @ a % d  

c 

6. What should the absolute accuracy of each mobility determination be? 

7. What i s  the minimum mobility difference the AAEF should be able t o  resolve? 

8. Row rapidly, and a t  what intervals, should the electrophoretic characterita- 
t ion described i n  question 2 be carried out? Is speed of measurement 
important to  you? 

9. Over w h a t  temperature r q e  should the MEF be capable of operating? 



10. Over what range of pH and ionic strength would you l i k e  t o  operate? 

: 11. Are there any unusual l imitat ions on the types of materials t o  which your 
i samples can be exposed during electrophoresis? - 

7 

12. Would you ra ther  have an apparatus tha t  produced rapid (1  per minute) but 
approximate (f 5%) mobility spectra o r  one that  was slower (15 minutes per 
determination) but more accurate (+ 0,1X)? 

T~I*LDU&-. 
' i 13. Do you have any other requirements tha t  should be considered i n  providing 

specif icat ions fo r  the AAEF? Do you think the development of such an 
! instrument is worthwhile? Do you have any additional comeate? 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Please provide the values for  the parameters given below which wauld best s u i t  
your applications. Any c m e n t s  or additional requfrements are welcaed; please 
include them i n  response to question 13. 

1. What is the smallest t o t a l  sample s ize  (number of ce l l s )  that  pwr would wish 
t o  examine? , (,s 

2. How many individual c e l l  mobility determinations vould be required in any 
one suspending medium to  electrophoretically characterize the most complex 
population with which you would l i ke  to  deal? 

3. What are  the diameters of the largest  and d l e s t  par t ic les  you vould l ike 
to  examine electrophoretically? 

4. What s t a t i s t i c a l  parameters should be provided by the MEF t o  adequately 
describe the mobility distr ibution of your c e l l  populations? 

-horntic mobility of each ~ o ~ u l a t i o n / a s  defined by&ussian distributio 
\ 

5 .  What are  the highest and lowest absolute nrobility values you would wish t o  
measure? 

-1 -1 n m  1 7  - -1 -1  
expressed in m.sec. V cm 

I 
/" Ycm i 

6. What should the absolute accuracy of each mobility determination be? 
T h e  mobility of human red cells is taken 

as control reference test r 
7. What is the minimum mobility difference the AAEF should be able t o  resolve? 

8. How rapidly, and a t  what intervals, should the e lec t ro~hore t ic  characteriza- 
t ion described i n  question 2 be carried out? Is speed of measurement 
important t o  you? 

9 .  Over what temperature range should the AAEF be capable of operating? 

92  - 



-. . I I 

Y /  ' 
10. Over what r q e  of pH and ionic strength would you like to operate? 4 f . 1 

- f i 

11. Are there atly unusual limitations on the types of materials to which your . ' 
sample! can be exposed during electrophoresis? - - 

12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate ( 5  5%)  mobility spectra or one that was slower (15 minutes per 
detenuinati m) but more accurate (f O.lX)? 

_ - .  B o w i  li ties 

13. Do you have any other requirements that should be considered in providing 
speciffcations for the AAEF? Do you think the development of such an 
instrument :.s worthwhile? Do you have any additional comments? 

* .  

I would be.very obliged to you i f  you could give me more informat*- 

a b o ~ t  the apparatus, his price and a v a i l a b i l ' b  
- . 

Dr. D. SABOLOVIC 

I. N. S. E. R. M. 

Urj;l& de Cancerologie Experimentale Name and address 

at de Radiobiologie - U 95 

Plateau de Brabois 

54500 VAN DCEUVRE (France) 

Tkl. 55.52.01 

110 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Pleaee provide the values f o r  the parameters given below which would bes t  s u i t  
your applications. Any c a e n t s  or  addit ional  r e u i r e n t  are welcomed; please 
Include them i n  rear,-nse t o  queetion 13. 

1. What is the smallest t o t a l  sample s i z e  (n-mber of c e l l s )  tha t  you would wish 
t o  examine? 

2. How many individual c e l l  mobility determinations would be required i n  any 
one suspending medium t o  electrophoret ical ly characterize the most ca~lplex 

[ population with which you would l i k e  t o  deal? 
0 

3000 u l \ z  g ! I' 3 
Y L  
$ 
j; 

3. What a r e  the  diameters of the  la rges t  and smallest pa r t i c l e s  you would l i k e  i 3 

r V t o  examine electrophoret ical ly? f 
$, 1; 
1 - f 
g ?: 

! ! 

: 4. What s t a t i s t i c a l  parameters should be provided by the AAEF t o  adequately 
i i -  describe the  mobility d is t r ibut ion  of your c e l l  populations? 

{ 
9 

i I ;  : 
i -- 5.  What a r e  the  highest and lowest absolute mobility values you would wish t o  
!" measure? 

-I. /y-.' c - 
? 

- 0 , 3  --L3 

i .  

[ 6. What should the absolute accuracy of each mobility determination be? 1 
2 

9 * Y/i - t 1 04 I 
4 f 

:I I 7. What i s  the  minimum mobility difference the AAEF should be able t o  resolve? i 
! 

$ Li 8. How rapidly, and a t  what in tervals ,  should the  electrophoretic characteriza- I 1 t i on  described i n  question 2 be carr ied out? Is speed of meaeurement 
i 

f 
important t o  you? ,f 

; c 

.i 

9 .  Over what temperature range should the AAEF be capable of operating? 
3 
i 
2 

DL + a 0 c  
'i 

d 
111 

;$t 



10. Over what range of pH and ionic s trength would you l i k e  t o  operate? 

, , 11. Are there any unusual l imitat ions on the types of materials t o  which your 
samples can be exposed during electrophoresis? 

12. Would you ra ther  have an apparatus tha t  produced rapid (1  per minute) but 
approximate (+ 5%) mobility spectra o r  one tha t  was slower (15 minutes per 
determination) but more accurate (+ O.lX)? 

13. Do you have any other requirements tha t  should be considered i n  providing 
specif icat ions f o r  the  AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any addit ional  copmnents? 

, 
~ ~ - t  L L , ~  ,,LL * - U X L ~ -  7 @ c. t i-md 

C H I K A K O  S A T O ,  M.D. 
:GPAi(l'Ml;N'S r)k iiXPEl(lhlB?rTAL RADIOLOGY 

AICI!I CANCER CENTER 
KFSEARCif 1::STITUTE 

CII! !.:[?$A I:'J NAGOYA, JAPAN 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Please provide the values f o r  the  parameters given below which would best  s u i t  
your appklcationm. Any ccmments or addit ional  requirc~lants  a r e  welcomeid; please 
include them i n  rerponse t o  question 13. 

1. What is the smallest t o t a l  sample s i z e  (number of c e l l s )  tha t  you would wish 
t o  examine? 

% lo5 c e l l s  should be available i n  the earnole 

2. How many individual c e l l  mobility determinations would be required i n  any 
one suspending medium t o  electrophoret ical ly characterize the  most complex 
population with which you would l i k e  t o  deal? 

500-1000 individual c e l l  mobility determinations 

3. What a r e  the  diameters of the  l a rges t  and smallest pa r t i c l e s  you would l i ' u s  
t o  examine electrophoretically? 

0.5 pm t o  30 vm diameter 

4. What s t a t i s t i c a l  parameters should be provided by the AAEP t o  adequately 
describe the  mobility d is t r ibut ion  of your c e l l  populations? 

mean. mode. standard deviation. no. of individual measurements. 

histogram plot t ing  capabil i ty 

5. What a r e  the  highest and l w e e t  absolute mobility values you would wish t o  
measure? 

b. What should the absolute accuracy of each mobility determination be? 

7. What is the  minimum mobility difference the AAEF should be able t o  resolve? 

8. How rapidly, and a t  what in tervals ,  should the  electrophoret ic  characterlea- 
t ion  describad i n  question 2 be carr ied out? Is speed of measurement 
imp0rtant to you? A, f a e t  a s  possible say % 50 individual c e l l  mobility 
determinations per minute. Speed of measurement is important because of 
time de~endent  channes i n  mobilitv. 

9. Over what temperature range should the AAEF be capable of operating? 



10. Over what range of pH and ionic strength would you like to operate? 

pH 1.0-12.0 uni-univalent ion 
concentration range 1.0 M - u.- 

11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 

Surface should be non-adhesive to biological cells and not produce 

activation of biological systems eg.platelets. 

12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (2 5%) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate ( 2  0.1%) ? 

Slower but more accurate 

13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any additional comments? 

The develo~ment of m n t  w o u l g _ b a  SPVP- 

including (1) the electrokinetic characterization of lymphocyte subpopulations, 
(2) documentation of the electrophoretic behavior of blood platelets on 
exposure to a variety of pharmrceutical agents. Studies involving platelets 
have been difficult to impossible because of time dependent changes in their 
electrophoretic mobility, and (3) kinetic studies of cellular growth rates, 
cell cycle changes and regeneration of modified cell surfaces of cultured 
or isolated biological cells by electrophoretic means. 

9 L W w ,  
 ad and address 

G . V , F .  Seaman fi : 
Department of Neurology * .  
University of Oregon Health Sciences Center ! 

Portland, Oregon 97201 i 
d 
I 



A t  the moment I am no longer engaged i n  investigations using c e l l  

electrophoresis. Therefore I can only make suggestions from my 

previous experiences with preparative electrophoretic separation 

using the apparatus of Hannig and Zeil ler .  From these I would l ike  

t o  make the following remarks: 

The main question is whether o r  not electrophoretic mobility values 

can be correlated t o  biological properties. Therefore the  use of ana- 

l y t i c a l  c e l l  electrophoresis seems t o  be only worthwhile when well 

defined c e l l  suspensions or c e l l s  separated by other separation methods 

are  checked whether they are  homogenous or not. The e f fo r t  should be t o  

develop further the preparative f a c i l i t i e s .  Analytical metthods could then 

be used t o  decide whether or  not a preparative electrophoretio separation 

would be worthwhile or  not. 

new address 

Dr. k& 
Baaic Clinical  Research 

B p t .  Cl in ical  Physiologie 
Para tr . 10-11 
79 U 1 m , West Germany 

ORIGINAL PAGE IS 
OF POOR QUALITY 

Dr.med. Gtinther S te in  
11. Frauenklinik der 
Universittit Minohen 
Lindwurmstrsose 2 
8 Mnchen, Oermany 
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N.R.: CG/75518 

Dr D.E. BROOKS 
Department of Neurology 
University of Oregon Health Sciences 
Center 
Portland, Oregon 97201 

December 06, 1975 

Dear Doctor BROOKS, 

Thank you for your letter of November 24th concerning 

Y liquid phase electrophoresisr our idea seems very interestinn-to me 
and I send you back the form duly filled. 

I*0f 
should like to know the position of the NBS& 

Remaining at your disposal for any questions you would 
like to ask me, 

Sincerely Yours, 

Dr J .F. STOLTZ 
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CENTRE HOSPITALIER REGIONAL M NANCY 
19, A r e w  du Mardehl da kttcr do toum,H 

Cmw effitiolk W 134 S4037 Nmcy Cedar 

tEmCl a. : 24.69.89 . 24.00.34 
# ~ ~ l k u t l ~  (110m, 0rou01rr) 

m m U R  A. URCAN Pa& 492 I 
Nancy, 8 DCcembre 1975 
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D r  D.E. BROOKS s 5 

Department o f  Neurology i 

University o f  Rregon Health Sciences Center 3 
PORTLAND, Oregon 97201 { 
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Dear Doctor Brooks, 

I received your very interest ing 1 e t t e r  concerning the 
apparatus f o r  the s t ~ d y  o f  electrophoretic mobi l i ty  o f  blood components. 

You had sent the same l e t t e r  t o  my coworker M. STOLTZ. I qui te  
agree wi th the terms o f  h i s  answer. However, i f  you desire thr '  I also 
complete the speci f icat ion forms, please t e l l  i t  t o  me, but I shal l  
answer s t r i c t l y  i n  the same way as M. STOLTZ. Therefore, w i l l  you consider 
tha t  D r  S to l tz 's  answer has been made i n  h is  name and I n  my own name. 

Yours sincerely 

Professeur A. URCAN / 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Please provide the values f o r  the parameters given below which would bes t  s u i t  
' 

your applications.  Any connaents or  addi t iona l  requirements a r e  welcomed; please 
include them i n  response t o  question 13. 

1. What is the  smallest t o t a l  sample s i z e  (number of c e l l s )  t ha t  you would wish 
t o  examine? 

volume 0 , s  t o  I cc 

2. How many individual  c e l l  mobili ty deterntnat ions would be required i n  any 
one suspending medium to  e lec t rophore t ica l ly  character ize the  mpet complex 
population with which you would l i k e  t o  deal?  a )  100 f o r  s u ~ p e n s ~ o n  of one ~ Y ! * x  

b) 500 t o  1000 i f  several  popul 

3. What a r e  t he  diameters of the  l a rges t  and smallest  p a r t i c l e s  you would l i k e  
t o  examine e lec t rophore t ica l ly?  

4. What s t a t i s t i c a l  parameters should be provided by the  AAEF t o  adequately 
descr ibe the  mobili ty d i s t r i bu t ion  of your c e l l  populations? 

Mobility d i s t r i bu t ion  curve 

5 .  What a r e  the  highest  and lowest absolute  mobili ty values yor; would wish t o  
measure? 

6.  What should the  absolute  accuracy of each mobili ty determination be? 

7. What is the  minimum mobility difference the  AAEF should be ab le  t o  resolve? 

z 8. How rapidly,  and at what i n t e rva l s ,  should the  e lec t rophore t ic  character$-za- 
t i o n  described i n  question 2 be car r ied  out? Is speed of meaeuremenr 

i important t o  you? 
8 

6 
Rapidity ( 1 0 d )  f o r  case 3 and I '  f o r  case d 
Tha 41\PPd 1 1  

, . Fnr - ; P  v r  

9. Over what temperature range should the AAeF be capable of operating? 

0' - 40' 



I 
I 10. Over what range of pH and ionic r t rength would you l i k e  t o  operate? 

2 <pH ( 1 1  
0,01< I < 0,2 

11. Are there any unusual l imitat ionr on the  typer of material8 t o  which your 
sampler can be expored during electrophorerir? 

N6 

12. Would you rather  have an apparatus tha t  produced rapid (1  per minute) but e 
! r approximate (f 5%) mobility epectra o r  one tha t  war rlower (15 minutee per 

determination) but more accurate (2 0. lX)? i. 
!! Precision f 1 X - Time 3 t o  5 minutr 

z i. 13. Do you have any other requircment8 tha t  should be considered i n  providing 
epecif icat ionr fo r  the MEF? Do you think the development of euch an 

1 - instrument i e  worthwhile? Do you have any addit ional  commcntr? 

Dr J.F. STOLTZ 
Chairman of Hemorheology research 
Laboratory 
Centra a g i o n a l  de Tranrfurion Sanguine 
Bureau de Posts ds Braboir 
Route Nationale 74 
54500 - VANDOEWRE-LES-NANCY France - 

N m  and addrerr 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Please provide the values f a r  the  parameters given below which would bes t  s u i t  
your applicationc. Any comments or addi t iona l  requirements a r e  welcomed; p lease  
include them i n  response t o  question 13. 

1. What is the smallest t o t a l  sample s i z e  (number of c e l l s )  t h a t  you would wish 
t o  examine? 

lo5 

2. How many individual  c e l l  mobili ty determinations would be required i n  any 
one suspending medium t r  e lec t rophore t ica l ly  character ize t he  most complex 
population with which you would l i k e  t o  deal? 

3. What &=re the  diameters of t he  l a r g e s t  and smallest p a r t i c l e s  you would l i k e  
t o  examine electrophoret ical ly? 

4. What statistical parameters should be provided by the AAEF t o  adequately 
descr ibe the  mobili ty d i s t r i bu t ion  of your c e l l  populations? - .  

I f  microscopic method: complete parabola f i t  with S.D.s of a l l  coe f f i c i en t s  
- .  

I f  laser-doppler method: f reque..cy peak heights ,  widths, and areas  plus  graphics - .  
I f  bulk method opt ica l  scan transformed t o  c e l l  number o r  mass, peak widths, 

heights ,  a r eas ,  graphics. 

5 .  What a r e  the highest  and lowest absolute mobili ty values you would wish t o  
measure? 

6 .  mat should the  absolute accuracy of each mobili ty determination be? 

Accuracy 5% 
Precis ion 1% 

7. What is the minimum mobility difference the AAEF should be able  t o  resolve? 

3%- 5% 
o r  about 0.04 pm-cm/~-sec 

8, How rapidly,  and a t  what i n t e rva l s ,  should the  e lec t rophore t ic  character iza-  
t i o n  described i n  question 2 be car r ied  out? Is speed of measurement 
important t o  you? 

15 min or l e s s  per measurement. Sometimes t h 4  - i s  important. 

9 .  Over what temperature range should the AAEF be capable of operating? 



1 > 

10. Over what range of pH and ionic strength would you l i k e  t o  operate? 

>. 11. Are there any unusual l imitat ions on the types of materials  t o  which your ; 
; r samples can be exposed during electrophoresis? 

-i 8 .  Exposure t o  neutral  polymers i n  solut ion should be optional and unnecessary. 

Polyvalent e lec t ro lys is  products should be avoided. 

12. Would you rather  have an apparatus that  produced rapid ( 1  per minute) but 

I - approximate ( 2  5%)  mobility spectra o r  one tha t  was slower (15 minutes per 
. . determination) but more accurate (+ 0.1%)? 

i 
Both options should be available,  depending upon the  application. 

i. 13. Do you have any other requirements tha t  should be considered i n  providing 
specif icat ions f o r  the  AAEF? Do you think the development of such an 

I :  instrument is worthwhile? Do you have any addit ional  comments? 

detect? of D The mob- a r t i c l e s  

1 i s  an important one: therefore. i t  is imDortant t o  r- 
6 . . m o b i l i t i e s ~ d .  There must be low noise and 

population d is t r ibut ion  widths tha t  do not for  any technical reason exceed 
those that a r e  determined by nature. I f  the f a c i l i t y  w i l l  be very expensive t o  

t :  - build an  early s t a r t  should be made on the development of a broadly-based 
user program .with clearly-def ined user policies and some indication from the 
granting agencies tha t  t r ave l  funds w i l l  be available t o  investigators whose 

! projects include use of the f a c i l i t y .  I ' l l  be glad to  contribute whatever 
! . . knowledge I can from my experience with users groups. 

Paul Todd 
618 Life Sciences Building 
University Park, Pennsylvania 16802 

Name and address 



Gbxo Research Ltd, Sefton Park, Stoke Poges, SL2 4DZ 

Telephone: Fulmer 2121 
Registered Offices: 
Gmnford, M i d d b x  

5 th  December 1975 

Please address reply to: 

fir E.G. Tomich 

B r  D.E. Brooks 
3epartaent of Neurology -- universi ty  of Oregon Health Sciences Center 
Portland 
Oregon 97201 
USA 

Dear D r  Brooks, 

Thank you f o r  your l e t t e r  of Xovember 24. 

I have answered your questionnaire a s  f u l l y  as poss ib le ,  
but you w i l l  see t h a t  ny experience i n  e lec t rophore t ic  mobili ty 
s tudies  is  l imi ted  t o  mammalian p l a t e l e t s .  However, because of 
the  leading r o l e  played bz p l a t e l e t s  i n  t h e  i n i t i a l  s tage  of 
the  aetiology of a r t e r i a l  thrombogenesis, i n t e r e s t  i n  p l a t e l e t  
behaviour is  world-wide and increasing very rapid ly .  

I f irrn3.y bel ieve t h a t ,  when an e f f e c t i v e  ant ithrombot i c  
asent i s  found and unequivocably confirmed c l i n i c a l l y ,  i t s  mode 
of ac t ion  w i l l  be found t o  depend on t n e  nature and degree of 
t 3 e  e i e c t r i c  charges it produces on the  p l a t e l e t  membrane 
( d i r e c t  or mediated through some blood component) and/or on 
t h s  damaged e~dothel iwn.  

Hoping t h a t  my answers w i l l  be of some ass is tance  t o  you, 

I m, 
Yours s incerely,  

ORIGINAL PAGE IS 
OF POOR QU- 

E.G. Tomich, B.Sc., F.R.I .C. ,  
F.I.Bio1. 



OPERATING SPECIP ICATIONS FOR AN AUTOMATEI) ANALYTICAL 
ELECl'ROPHORESIS FACILITY 

Please provide the -values f o r  the  parameters given below which would best  s u i t  
your applications. Any comments o r  addit ional  requireaents a r e  welcomed; please 
include them i n  response t o  question 13. 

1. What is the smallest t o t a l  sample s i z e  (number of c e l l s )  tha t  you would wish 
t o  examine? 

.-& 6 $ r3 

2. How many individual cell mobility determinations would be required i n  any 
one suspending meditrm t o  electrophoret ical ly characterize the  mout complex 
population with which you would l i k e  t o  deal? 

7 h L M L U . W d  

3. What a r e  the  diameters of the la rges t  and smallest pa r t i c l e s  you would litre' 
t o  examine electrophoret ical ly? 

4. What s t a t i s t i c a l  parameters should be provided by the AAEF t o  adequately 
describe the  mobility d is t r ibut ion  of your c e l l  populations? 

5.  What a r e  the highest and lowest absolute mobility values you would wish t o  
measure? 

6. What should the  absolute accuracy of each mobility determination be? 

7. What is the  minimum mobility difference the  AAEF should be able t o  resolve? 

8. How rapidly, and a t  what in tervals ,  should the electrophoret ic  characteriza- 
t ion  described i n  question 2 be carr ied out? Is speed of measurement 
important t o  you? 

9 .  Over what temperature range should the AAEF be capable of operating? 

15-  Lr06c 



: I 10. Over what range of pH and ionic s trength would you l i k e  t o  operate? 

11. Are there any unusual l imitat ions on the types of materials t o  which your 
samples can be exposed during electrophoresis? 

12. Would you ra ther  have an apparatus t h a t  produced rapid (1 per mi:iute) but 
approximate (+ 5%) mobil.ity spectra o r  one tha t  was slower (15 miuutes per 
determination) b - ~ t  more dccurate (k 0. I%)?  

0 

13. Do you have any other requirements tha t  should be consider2d i n  providing 
specif icat ions f o r  the  AAEF? Do you think the development of such an 
instrument i s  worthwhile? Do you have any addit ional  comments? 

3 r -  t , p + d a u ; r c ,  f&&t& hYJI \G 
CRLLC\,** ((Cl(pbrbpuu.kj L w =  - Itno1.4ew.da.L e l r r J C  
~ ~ ' +  E ~ ~ C C  U f f - ; 2  - d - &&.. 

d 
Name and address 8 

I i ? .  

. :  - ,  BRIGIN& PAGE IS 
YIF POOR QUALITY W & - p " t " " Y -  , i Ed G.T-& 5 : 



V A N D E R B I L T  U N I V E R S I T Y  
N A S H V I L L E ,  T E N N E S S E E  3 7 2 3 2  Tmrm~nonm (613) 322.7311 

Stbd of hfdir& D k t  322-33 M 

Dr. D.E. Brooks 
Department of Neurology 
University of Oregan Health 

Sciences Center 
Portland, Oregan 97201 

Dear Dr. Brooks: 

CJVB : pc 
Enclosure 

February 24, 1976 

As your form was sent to Amsterdam I did not 
receive i t  before February 23. 

I would be interested i f  you could keep me 
informed about the progress of this project. 

Yours truly, 

Chris J. van Boxtel, M.D. 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

I 

, Please provide the values f o r  the parameters given below which would best  s u i t  
your applications. Any comments or  addit ional  requirements a re  welcomed; please 

, . include them i n  response t o  question 13. 

! 
4 ,  

1. What is the smallest t o t a l  sample s i ze  (number of ce l l s )  tha t  you would wish 
t o  examine? 

1 o4 

2. How many individual c e l l  mobility determinations would be required i n  any 
one suspending medium t o  electrophoret ical ly characterite the most complex 
population with which you would l i k e  t o  deal? 

200 or more 

3. What a r e  the  diameters of the la rges t  and smallest pa r t i c l e s  you would l ike  
t o  examine electrophoret ical ly? 

0.5 - 100 v diameter 

4. What s t a t i s t i c a l  parameters should be provided by the AAEF t o  adequately 
describe the  mobility d is t r ibut ion  of your c e l l  populations? 

medium, mean, standard deviation, standard er ror  

5 .  What a re  the  highest and lowest absolute mobility values you would wish t o  
measure? 

0.5 - 20 p/s/v/cm 

6. What should the absolute accuracy of each mobility determination be? 

7. What is  the  minimum mobility difference the AAEF should be able t o  resolve? 

8, How rapidly, and a t  what in tervals ,  should the  electrophoretic characteriza- 
t ion  described i n  question 2 be carr ied out? Is speed of rreasurement 
important t o  you? 

No 

, ,  9 .  Over what temperature range should the AAEF be capable of operating? 

Most systems appeared not t o  be t emera tu re  

126 



Over what r q s  of pH and ionic rtrength would you l i ke  t o  operate? 

Are there any unusual limitations on the typer of material8 t o  which your 
ramplee can be exposed during elsctrophorerir? 

Would you rather have an apparatus that  produced rapid (1 per minute) but 
approximate ( 2  5%) mobility spectra o r  one that  wae slower (15 minutee per 
determination) but more accurate (2 O.l%-)?-- 

slw and more accurate 

Do you have any other requirements that  should be considered i n  providing 
specificatione for  the AAEF? Do you think the development of euch an 
instrument i s  worthwhile? Do you have any additional conaentr? 

Provisions for  connecting the AAEF t o  an automatic all-reparation device 
could be useful. 

I f ee l  that  there are  many applicatione for  t h i s  inetrummt in medical rerearch. 

Chris J .  van Boxtel, M.D. 
Visit ing Sc ien t i r t  
Dept. Phaxmacology 
Vanderbllt Univerrity 
School of Medicine 
Narhville, Tennerree 37232 
U.S.A. 

Name and addrerr 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHOfiESIS FACILITY 

Please provide the values f o r  the parameters given below which would beet s u i t  
your applications. Any comments or addit ional  requirements a r e  welcoumd; please 
include them i n  response to  question 13. 

1. What is the smallest t o t a l  sample s i z e  (number of ce l i s )  tha t  you would wish 
to exmine? Lome huncirxi ceLls.This wouia allow s e r i a l  deter in inat i \#ns  

i n  iln~!iunoticficient babies. u i 

2. How many individual c e l l  mobility determinations would be required i n  any 
one suspending medium t o  electrophoret ical ly characterize the  most complex 
population with which you would l i k e  t o  deal? $or the mixed ~ o l ~ u l a t i o n  of the 
spitien ~ . t  least two huntired ce l l s , ae jend ing  of the  accuracy of the 51-% 

apparatus 
3. What a r e  the  diameters of the la rges t  and smallest pa r t i c l e s  you would l i k e  

t o  examine electrophoret ical ly? 
4- 25 p 

4. What s t a t i s t i c a l  parameters should be provided by the  AAEF t o  adequately 
describe the  mobility d is t r ibut ion  of your c e l l  populations? 

. , t u ~ e n t '  s t- t e s t ,  idiicoxons t,c s t  f o r  :,aired cistr i  !~u t ions .  A test f o r  -1 
tile stanuard ueviztion of  t h e  i~em, : i 

5 .  What a r e  the  highest and lowest absolute mobility values you would wish t o  2 1 

.;epends on ",he s ~ s ~ ! ! c ~ : c i o r i  i;ieLium. I n  s a l i n ~  aoout 1 ,5-3.3 ' ~ 1  

6 .  What should the  absolute accuracy of each mobilicy determination be? 
i - 5;: 

7. What is the minimum mobility difference the AAEF should be able t o  resolve? 

8. How rapidly, and a t  what in tervals ,  should the  electrophoretic characteriza- f j 
t i on  described i n  question 2 be carr ied out? Is speed of measurement 
important t o  you? Tundrc~ LC t criilinatic~ns i n  i;lax. 1 0 min, I n t  ervai  ~jf w a l 

9 .  Over what temperature range should the AAEF be capable of operating? 
+ !;.": - + 3705 

ORIGINAL PAGE 128 
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n i 

10. Over what r-e of pH and ionic r t reagth  would you l i k e  t o  operate? 

- i)li $ -LlI 10 

11. Are there m y  unusual l imitat ioao on the  typee of m a t e r b l r  t o  which your 
sampler can be upoeed during electrophoreria? 
. - 

12. Would you ra ther  have an apparatue tha t  produced rapid (1  per minute) but 
approximate (f 5%) mobility spectra o r  one that was .lower (15 minutes per 
d e t e n i m t i o n )  but wre aecurat. (t 0. if da k .:r..8;ilztioil; 1lCZi;S i;hs 

c. . , . .. . 
. 

:-.d%ed c e l l s  I would r a t h e r  p re fe r  the slower and 
:r,,jr:.. c , . ~ ~ ~ r  i? t~ t, 

13. Do you have any o 
specif icat ione f o r  the AAEF? Do you think the development of euch an 
instrument i e  worthwhile? Do you have any addit ional  C-mtr? $ 

5 

T:.; gcor,:,!; w i t  I ? c i s s  Cgto!.:herometer hiis s eve ra l  as- 4 

~civ;~r: t age s : 1 
:;ceL rcl. a .rent, lhrnbcr of cells.Time coneumibg.Dow reproduc- I r 

c b i ~ i l . y . 3 i . f f i c u i l  Lo obta in  s t a b l e  condit ions f o r  8 ~ 0 r r i  ~ g .  i 
3 

I ., q1: - i " the lrttilr i s  ljueine taken hare of by the zero g rav i ty  

I a lso  t:l;n]c tile for;ror ~ i s z u v i n t , e ~ c s  must be d e a l t  with i$ the  i 
? 

g 
t ~ c , ~ n i c n c  shoa u be any uscful .  1 

.;E f o r  gfiii uetc r ; :~ ina t ic - s  d lyrnphoia c e l l s  I think an f 

: . ~ ~ ~ ~ * a c y  of -1, i c s s t  a l m t  be obtatned i f  the AAEl? should be i 
. - n 01. ; to p r o v i u s  new inf S J ~  i.lati.0.. S. 

3 

f 

Yours s ince re ly  

501 6 Iiaukeband Hospital  
F.J. .:orry f.)r my l h t -  inswaring. Norway 

Name and addrera 



i SERVICE DE BIOPHYSIQUE - 
Paris, 12th December 1975 

Dr. D.E. BROOKS 
Department of Neurology 
University of Oregon Health 
Sciences Center 

PORTLAND OREGON 97201 

Dear Dr. Brooks, 

Many thanks for including my name in the electrophoresis 

user community. I am very interested in the development of the % 
I hope you will succeed in the s e t t i n s  

You will find here enclosed the corntents you requested. 

Sincerely yours, 

w . - w  

Dr. M. WIOLAND 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Please provide the  values f o r  the  parameters given below which would bes t  s u i t  
your appl icat ions.  Any comments or  addi t iona l  requirement8 are welcomed; p leaar  
include them i n  response t o  question 13. 

1. What is the smallest  t o t a l  sample s i z e  (number of c e l l s )  t ha t  you would wish 
t o  examine? 

2. How many individual  c e l l  mobil i ty  determinations would be required i n  any 
one suspending medium t o  e lec t rophore t ica l ly  charac te r ize  the  most complex 
population with which you would l i k e  t o  deal? 

3. What a r e  the  diameters of the  l a r g e s t  and smallest  p a r t i c l e s  you would l ike 
t o  examine e lec t rophore t ica l lp?  

4. What s t a t i s t i c a l  parameters should be provided by the  AAEF t o  adequately 
descr ibe the  mobili ty d i s  tr ibu Lion of your c e l l  populations? 

5 .  What a r e  the  highest  and lowest absolute  mobili ty values you would wish t o  
measure? 

6. What should the absolute accuracy of each mobil i ty  determination be? 

- 
7. What i e  t he  minimum mobility difference the AAEF should be ab le  t o  resolve? 

8, How rapidly,  and a t  what i n t e rva l s ,  should the  e lec t rophore t ic  chsracter iza-  
t i o n  described i n  question 2 be car r ied  out? Is speei  of mearurment 
important t o  you? 

9 .  Over what temperature range should the  AAEF be capable of operating? 



10. Over what range of pH and ion ic  s t rength  would you l i k e  t o  operc t e ?  

11. Are there  any unusual l im i t a t i ons  on the  types of mater ia l s  t o  r,. ' .:. your 
samples can be exposed during electrophoresir?  

12, Would you r a the r  have an apparatus t ha t  produced rapid (I per minute) but 
approximate (f 5%) ~ o b i l i t y  spec t ra  o r  one t h a t  was slower (15 minutes per 
determination) but  more accurate  (+ 0.1%) 1 

1.3. Do you have any other  requirements t h a t  should be considered i n  providing 
spec i f ica t ions  f o r  t hc  AAEF? Do you think the development of such an 
instrument i s  worthwhile? Do you have any addi t iona l  coxnente? 

p q .  u ~ i o ~ h h l ~  -.& 

Name and address -t 

~ h s o n ~ ~ o i r  E sr siozr ysi Q UE - 
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